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Phosphodiesterase Inhibitors as a Drug Target Candidate for Preventing Chronic Obstructive Pulmonary
Disease: Gender Difference.

AIM
In the second step of our research project we investigated the effects of the treatment with PDE4 and PDE7
inhibitors on ovariectomized and not-ovariectomized female mice in an already assessed model of lung
injury caused by bleomycin administration.
ANIMALS
Adult female C57BL/6 mice (Harlan Nossan, Milan, Italy), weighing range 19–24 g, were used in all
experiments. Mice were housed at a temperature of 20 ± 2°C, with free access to food and water (12-h
light/ dark cycle). Animals were acclimated to these housing conditions for 1 week before any experimental
manipulation. Animal care was in compliance with Italian regulations on the protection of animals used for
experimental and other scientific purposes (D.M. 116192) as well as with the EEC regulations (O.J: of E.C.L
358/1 12/18/1986). The University of Melbourne Animal Experimentation Ethics Committee approved all
surgical techniques, treatments, and experimental protocols.
INDUCTION OF LUNG INJURY BY BLM AND PDE INHIBITORS TREATMENT
Mice received a single intratracheal instillation of saline (0.9%) or saline containing bleomycin sulfate (1
mg/kg body wt) in a volume of 100 μl. Animals were examined daily, and body weights and survival rates
recorded.
Animals were assigned to the following groups
1) sham, 2) BLM; 3) BLM+PDE4 inhibitors (50 mg/kg) per os; 4) BLM+PDE7 inhibitors (50 mg/kg) per os.
Treatment in all groups started at day 0 and lasted till the end of experiment, i.e. for  7 or 24 days.

SURGERY-OVARIECTOMY
To clarify the relationship between female sex hormone and lung fibrosis, female mice were
ovariectomized. Animals were anesthetized with isofluorane/oxygen breathing mixture and placed on a
heat pad maintained at 37°C. A longitudinal midline incision was then made through the skin, and blunt-
tipped scissors were used to separate the connective tissue and to cut through the peritoneal wall. Ovaries
were located and removed bilaterally, and the incision surgically stapled and closed. In sham-operated
animals, all steps, except removal of ovaries, were carried out.
MEASUREMENT OF LUNG OEDEMA
The wet lung weights were measured 7 days after injection of BLM by careful excision of the lung from
other adjacent extraneous tissues. The lungs were exposed for 48 h at 180°C and the dry weight
subsequently measured. Water content of the lungs subsequently calculated as the ratio of wet:dry wight
of the tissue.
MYELOPEROXIDASE (MPO) ASSAY
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Myeloperoxidase (MPO) activity is determined 7 days after injection of BLM. The lung is removed, weighed,
homogenized in a solution containing 0.5% hexa-decyl-trimethyl-ammonium bromide dissolved in 10 mM
potassium phosphate buffer (pH 7) and centrifuged for 30 min at 20.000 x g at 4° C. An aliquot of the
supernatant is then allowed to react with a solution of tetra-methyl-benzidine (1.6 mM) and 0.1 mM H2O2.
The rate of change in absorbance is measured spectrophotometrically at 650 nm. MPO activity is defined as
the quantity of enzyme degrading 1 µmol of peroxide per min at 37° C and is expressed in units per gram
weight of wet tissue
BRONCHOALVEOLAR LAVAGE (BAL)
On Day 7 after BLM or saline solution instillation, mice were euthanized, terminal plasma samples were
taken, and the tracheas were immediately cannulated with an I.V. polyethylene catheter (Neo Delta Ven 2.
delta Med. Viadana. Italy) equipped with a 24-gauge needle on a 1 mL syringe. Lungs were lavaged once
with 0.5 ml D-PBS (GIBCO. Paisley. U.K.). In >95% of the mice. The recovery volumes were over 0.4 ml. The
BAL fluid was spun at 800 rpm, the supernatants were stored and the pelleted cells were collected. Total
BAL cells were enumerated by counting on a hemocytometer in the presence of trypan blue. Cytospins
were prepared from resuspended BAL cells. Cytospins of BAL cells were made by centrifuging 50.000 cells
onto microscope slides using a Shandon Cytospin 3 (Shandon. Astmoore. U.K.). Slides were allowed to air
dry and were then stained with Diff-Quick Stain Set (Diff-Quick; Baxter Scientific. Miami. FL). A total of 400
cells were counted from randomly chosen high power microscope fields for each sample.
MEASUREMENT OF CYTOKINES
Portions of lung, collected at 7 d after bleomycin administration, were homogenized in PBS containing 2
mmol/L of phenyl-methyl sulfonyl fluoride (Sigma Chemical Co., Milan, Italy), and tissue levels of TNF-alfa
and IL-1beta were evaluated. The assay was performed by using a colorimetric, commercial kit
(Calbiochem-Novabiochem Corporation, San Diego, CA, USA) according to the manufacturer instructions.
All cytokines determinations were performed in duplicate serial dilutions.
STATISTICAL EVALUATION
All values are expressed as mean ± SEM of N observations. The results were analyzed by one-way ANOVA
followed by a Bonferroni post hoc test for multiple comparisons. P < 0.05 was considered significant.

RESULTS
EFFECTS OF GENDER ON BLM-INDUCED MORBIDITY AND MORTALITY
To determine the importance of gender in COPD, male and female mice were treated with endotracheal
injections of BLM or saline on day 0. Animals were monitored daily for body weight and mortality rates
were compared between male and female mice after BLM administration. Results showed that female mice
had greater weight loss when compared to males (5 ± 1.0% versus 2 ± 1.1%) after BLM injection. Some of
the female mice became very sick with severe respiratory distress as the disease progressed, resulting in
respiratory failure with an high mortality rate. Thus, female gender appeared to enhance the effects of BLM
treatment.
EXOGENOUS PDE INHIBITORS ADMINISTRATION AND LUNG INFLAMMATION
To determine the role of endogenous estrogens, animals were ovariectomized. Sham-operated or
ovariectomized (ovx) animals were injected with BLM in the pleural cavity. A histological score was used to
grade the inflammatory reaction, which is shown in Fig. 1A. In parallel, PMN cells recovered from the
pleural exudate are shown in Fig. 1B. No macroscopic differences were noted in the lungs of the two
groups, whereas an increase in the number of PMN cells was observed in ovx mice, suggesting that ovary
removal increases the inflammatory response in the lungs. Inflammation was absent in BLM-untreated
sham and ovx mice, with a histological score of 0 and about 0.5 x 10-6 PMN cells per milliliter in both groups
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(data not shown).  To link more specifically the effect of ovariectomy with the lack of endogenous
estrogens, a group of ovx mice received an injection of 50 mg/kg of PDE 4 and PDE7 inhibitors. Treated
animals showed both an improvement in the histological score (Fig. 1, A and B) and a lower number of
infiltrated cells when compared with ovx mice; these parameters were even lower than those observed in
the sham group (Fig. 1C). BLM-untreated ovx +PDE inhibitors mice had no inflammatory signs (data not
shown).  Altogether these results suggest that deprivation of endogenous estrogens increases the
inflammatory response in the mouse lung and that PDE inhibitors are aneffective pharmacological agents to
reduce lung inflammation.

FIG. 1 PDE inhibitors administration and lung inflammation in female mice. (A) histological score. (B)
Pleural exudate was recovered and analyzed for infiltrated PMN cell number and (C) for MPO. Bars
represent the average ± SEM of all the animals (n = 10), each analyzed in triplicate. ^, P < 0.05 vs sham *, P
< 0.05 vs BLM.

BRONCHOALVEOLAR LAVAGE (BAL)
BLM instillation in mice produced a significant increase of inflammatory cells in the BAL (compared with the
sham groups of mice) in N-ovx and ovxmice (Fig. 2 A-E). In contrast, all treated mice that underwent BLM
tracheal instillation showed a decrease content of BAL inflammatory cells when evaluated by differential
cell count on cytospin preparations (Fig. 2 A-E).
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FIG. 2. The total and differential cellularity of BAL of mice in the different groups. Total BAL cellularity for
sham, BLM administered and treated mice (Fig 2); differential cells counts for macrophages, and
neutrophils per ml of BAL fluid (Fig 2). Data are expressed as mean ± standard deviation from n = 10 mice
for each group. ^, P < 0.05 vs sham *, P < 0.05 vs BLM.

CYTOKINES LEVELS
We evaluated the expression levels of inflammatory mediators induced by BLM injection in PDE inhibitors
treated mice subjected or not to ovariectomy. As shown in Fig. 2 A and B, the levels expression of both, TNF
alfa and IL 1beta, are increased after BLM administration in both of group of mice. Treatment with PDE4
and PDE7 decreases cytokines expression.
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FIG. 3 Expression on TNF alfa and IL 1beta. TNF alfa and IL 1beta levels were analyzed by
immunoenzymatic  assay in the pleural exudate. Bars represent the average ± SEM of all the animals, each
analyzed in triplicate. ^, P < 0.05 vs sham *, P < 0.05 vs BLM.

CONCLUSION
Both PDE4 and PDE7 inhibitors attenuate bleomycin induced pulmonary fibrosis in nN-ovx and ovx mice.
They exert the beneficial effects via reduction of inflammatory response. These inhibitors may be useful as
novel therapeutic strategy in lung inflammation.


