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Abstract Di-(2-ethylhexyl)-phthalate (DEHP), the plasti-
cizer employed in the fabrication of polyvinyl chloride, is
known to be released by many medical devices, namely
endotracheal tubes currently utilised for pulmonary ventila-
tion of pre-term newborns. When experimentally adminis-
tered, especially to rodents, the phthalate reportedly causes
alterations to several tissues, immature animals being even
more responsive targets than adult ones. In the present
research, female rats were fed with DEHP in the last week
of pregnancy and after delivery, and lung of their pups was
morphologically and immunohistochemically analysed. We
detected signiWcant alveolar simpliWcation (larger but fewer
alveoli with decreased septation), with consequent sensible
reduction of gas-exchange surface, at several stages of
postnatal development, in distal lung parenchyma of
DEHP-treated rats. Moreover, the quantiWcation of PCNA-
expressing cells demonstrates that in treated pups the pro-
liferation rates of epithelial and mesenchymal cells progres-
sively increased during the Wrst two postnatal weeks, at
diVerence with controls animals, where the highest prolifer-
ation levels were reached at postnatal day 7. The obtained
results strongly support the hypothesis that DEHP pro-
foundly aVects the alveolarization process in mammalian
lung.
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Introduction

Humans are exposed to di-(2-ethylhexyl)-phthalate
(DEHP), a plasticizer released by polyvinylchloride (PVC),
which is able to cross the placental barrier (Singh et al.
1972; Tomita et al. 1988) and to act via breast feeding
(Cimini et al. 1994; Stefanini et al. 1995). After absorption,
DEHP undergoes conversion into 2-ethylhexanol and
mono-(2-ethylhexyl)-phthalate (MEHP), further processed
through glucuronidation (Tickner et al. 2001). In rats,
DEHP administration (3–14 days, 1–2.5 g/Kg/day) causes
peroxisomal proliferation and increased activities of several
enzymes both in liver and in kidney, and suckling animals
appear especially sensitive to lethal and growth retardation
eVects (Osumi and Hashimoto 1978; Lake et al. 1984;
Dostal et al. 1987; Sharma et al. 1989; Reubsaet et al. 1990;
Cimini et al. 1994; Stefanini et al. 1995). In adult rats,
moreover, respiratory distress and dose-dependent lethality
occur after a single intravenous injection of 200–300 mg/
Kg Tween-solubilised DEHP (Schulz et al. 1975), while a
4-week-long aerosol treatment (estimated dose 230 mg/Kg/
day) causes relative lung weight increase, accompanied by
foam-cell proliferation and alveolar septa thickening (Kli-
misch et al. 1992). DEHP-induced release of lysosomal
enzymes from cultured alveolar macrophages, as well as
constriction and oedema of pulmonary vessels in isolated
perfused rat heart–lung preparations, has also been reported
(Bally et al. 1980; Shertzer et al. 1982; Labow et al. 1990).

Human population was presumed not at risk of acute air-
way eVects from environmental, non-occupational levels of
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DEHP or MEHP (Larsen et al. 2004, 2007) and urinary
MEHP concentration was found not adversely associated
with pulmonary function parameters (Hoppin et al. 2004).
However, long-term damages to patients chronically sub-
mitted to blood transfusions, hemodialysis or oral/nasal
feeding by means of PVC medical devices were not ruled
out (Jaeger and Rubin 1972; Lewis et al. 1978; Khaliq et al.
1992). In pre-term newborns, whose glucuronidation path-
way is immature (de Wildt et al. 1999), critical MEHP con-
centrations are presumably reached (see Latini 2000).
MEHP urinary concentration was several fold over the gen-
eral population value in premature infants submitted to
intensive care (Calafat et al. 2004) and, moreover, in endo-
tracheally intubated newborns was signiWcantly higher than
in those receiving nasal continuous positive airway pres-
sure (Green et al. 2005). Finally, a correlation between
endotracheal intubation with PVC tubes and incidence of
chronic lung diseases has long been established (Stern et al.
1970; Roth et al. 1988; Poets and Sens 1996; Kamper 1999;
Latini and Avery 1999).

In a previous work (Magliozzi et al. 2003), we orally
administered DEHP to female rats during pregnancy and
breast feeding and examined 2-day-old pup lungs, i.e. at a
maturation stage closely comparable to that found in 26–
36-week-old pre-term babies (Burri 1991).

In the present study, qualitative and quantitative obser-
vations were extended to the whole period of lung alveolari-
zation and the proliferation rate of diVerent cell populations
in lung parenchyma was evaluated by means of immunolo-
calization of the proliferating cell nuclear antigen (PCNA).
In order to identify the cell types undergoing active prolif-
eration, catalase, a highly speciWc marker for type II pneu-
mocytes (Farioli-Vecchioli et al. 2001), and �-smooth
muscle actin (�-SMA), transiently expressed by interstitial
myoWbroblasts during septal formation (Yamada et al.
2005), were immunodetected.

Materials and methods

Animals and treatment

Albino Wistar rats (Charles River, Italy) were kept at 20–
22°C, with a dark/light cycle of 12/12 h. Females were
placed with males overnight and examined in the following
morning for presence of sperm in the vaginal smear. All
pregnant rats were fed ad libitum with standard diet till the
15th day of pregnancy; in the week preceding delivery, as
well as during the breast feeding, ten of them received food
containing 1% (w/w) DEHP (Sigma-Aldrich, Milan, Italy).

The food intake was measured at the end of treatment
and only animals which had assumed at least 1 g/kg/day
were utilised. At 2, 7 and 14 days after delivery, three pups

from each one of Wve treated and Wve untreated females
were anaesthetised with Farmotal (100 mg/Kg) (Amersham
Pharmacia Biotech Italia, Cologno Monzese, Milan, Italy)
and endotracheally instilled with 50–80 �l of Bouin’s solu-
tion. After trachea ligation, lungs were removed and
immersed in the same solutions; few minutes later, they
were cut into fragments, which were further Wxed for 2–4 h,
dehydrated and embedded in paraYn.

The Wxative, its amount for each developmental stage, as
well as paraYn embedding and immunohistochemistry by
ABC method were chosen on the basis of preliminary
experiments, in which immunoXuorescence results had not
been exhaustive, especially due to the relatively poor tissue
preservation found in cryostatic specimens.

After lung resection, liver was excised and the relative
liver weight (g/100 g body weight) was calculated. All ani-
mal work was conducted according to the European Com-
munities Council Directive of 24 November 1986 (86/609/
EEC) and the Italian Health Ministry guidelines.

Morphology of respiratory spaces

In the present paper a unit of distal lung parenchyma com-
prehending a canalicular portion and its terminal expan-
sions (saccules or alveoles, depending on the stage) is
named respiratory space. Three randomly chosen speci-
mens from each animal were serially sectioned 7-�m-thick.
For every single specimen only two sections, situated at a
reciprocal distance of at least 200 �m, were utilised for
quantitative evaluations; this distance in fact had been pre-
viously determined as suYcient to avoid measuring the
same respiratory space twice. According to these schedules,
for each developmental stage 90 test and 90 control sec-
tions were examined as follows: two randomly chosen non-
overlapping Welds for each section were photographed and
digitised images were analysed by a Zeiss KS-300-SW
image analyser. ProWles corresponding to arteries, veins
and bronchioles were manually traced and their area was
subtracted from the total area of the Weld; the remaining
area, corresponding to distal parenchyma, was called “ref-
erence area”.

For all the proWles of respiratory spaces, the following
parameters were determined:

• mean area and perimeter,
• mean circularity shape factor (Fcircle = 4�A/P2, where

A = proWle area and P = proWle perimeter), which allows
to evaluate the irregularity of structures,

• number per mm2 of reference area,
• total perimeter per mm2 of reference area.

Values obtained from individual Welds were utilised for cal-
culating the mean values, which were submitted to variance
analysis (ANOVA).
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Immunohistochemistry

Freshly deparaYnised sections were treated with 0.3%
H2O2 in methanol for 30 min at RT to inactivate endoge-
nous peroxidases; after rehydration, they were transferred
to PBS containing 0.2% Triton X-100 and 5% non-fat dry
milk for 1 h at RT, and then incubated for 24 h at 4°C, in
the primary antibodies diluted in PBS added with 0.1% Tri-
ton X-100 and 2.5% non-fat dry milk.

Dilutions were as follows: mouse monoclonal anti-rat
PCNA (Dako, Milan, Italy) 1:200; mouse monoclonal anti
�-SMA (Sigma Chemical Co., St. Louis, USA) 1:500; rab-
bit polyclonal anti-beef liver catalase (Rockland, Gilberts-
ville, USA) 1:1,000.

For the revelation of immunocomplexes through the
conventional ABC method, sections were sequentially
incubated in

1. 1:200 biotinylated goat anti-rabbit or rabbit anti-mouse
IgG, for 1 h at RT,

2. avidin-biotin-horseradish peroxidase complex, for 1 h
at RT,

3. 0.05% 3,3�-diaminobenzidine (DAB) in PBS contain-
ing 0.01% H2O2 for 2-5 min at RT.

In the ampliWed ABC procedure the step 2 was followed by

• incubation in biotinylated tyramine, 1:100 diluted in PBS
containing 0.01% H2O2 for 10 min at RT,

• avidin-biotin-horseradish peroxidase complex, for
30 min at RT.

Microwave treatment was carried out incubating freshly
rehydrated sections with citrate buVer pH 6 (10 min at
RT, 8 min in microwave oven at 750 W and 30 min at
RT).

For negative control, the primary antibody was omitted
or substituted with preimmune serum.

Couples of adjacent sections were utilised for the identi-
Wcation of cells co-expressing PCNA and �-SMA or PCNA
and catalase.

Unstained and haematoxylin counterstained sections
were examined in a Zeiss Axioskop2. Representative
images were electronically captured; contrast and bright-
ness were adjusted by Adobe Photoshop 6.0.

Fig. 1 Lung of suckling rats. a–
c Normal animals. d–f DEHP-
treated animals. a, d Postnatal 
day 2. b, e Postnatal day 7. c, f 
Postnatal day 14. B bronchiole, 
V vessel, c canalicular portion of 
respiratory space, s saccule, a 
alveolus. Bar 50 �m. a Respira-
tory spaces are formed by chan-
nels and saccules. Primary septa 
are thick. b Primary septa are 
sensibly thinner than in the pre-
vious stage, few secondary septa 
are present. c Saccules are very 
numerous and small and septa 
are extremely thin. Some mature 
alveoli are also recognisable. d 
Respiratory spaces are sensibly 
fewer and larger than in control; 
septa are also fewer. e Respira-
tory spaces are sensibly larger 
than in control, saccules and sec-
ondary septa are very few. All 
septa appear thinner than in con-
trol. f Respiratory spaces are ex-
tremely less numerous and more 
dilated than in controls, saccules 
are very few and mature alveoli 
are absent
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Quantitative analysis of proliferation rate

The analysis was carried out in lung sections submitted to
standard ABC immunocytochemistry and haematoxylin
counterstaining. For each developmental age six sections
obtained from three normal rats and the same numbers from
treated animals were observed at 40£ magniWcation. In two
microscopic Welds, randomly chosen inside each section,
the PCNA-positive and PCNA-negative nuclei were
counted with the aid of a grid located in the eyepiece of the
microscope; for each Weld an actual area of 0,096 mm2 was
so examined. The nuclei in the distal parenchyma were
counted separately from those belonging to airways and
large vessels. In the distal parenchyma, nuclei of cells
directly lining the respiratory spaces (presumed type II
pneumocytes) were counted separately from those belong-
ing to cells situated inside the intersaccular walls (pre-
sumed mesenchymal cells). Values were expressed as the
mean § SD. Intergroup diVerences were assessed by analy-
sis of variance (ANOVA).

Chemicals

DEHP was from Sigma-Aldrich (Milan, Italy); Farmotal
was from Amersham Pharmacia Biotech Italia (Cologno
Monzese, Milan, Italy); mouse monoclonal anti-rat PCNA

was from Dako (Milan, Italy); mouse monoclonal anti �-
SMA and DAB were from Sigma Chemical Co. (St. Louis,
USA); rabbit polyclonal anti-beef liver catalase was from
Rockland (Gilbertsville, USA).

Results

At all the examined stages, the body weight of treated ani-
mals was signiWcantly lower with respect to age-matched
controls, the higher decrease (50%) being observed at post-
natal day 14. The relative liver weight of treated animals
was signiWcantly higher (P < 0.01) over the corresponding
controls at every examined stage (7.04 vs. 5.09 at 2 days;
4.17 vs. 3.68 at 7 days and 3.12 vs. 2.44 at 14 days). These
values, besides conWrming the presence of DEHP in neona-
tal and suckling rats, are in agreement with those previ-
ously reported for adult and neonatal rodents treated with
phthalates (Osumi and Hashimoto 1978; Lake et al. 1984;
Dostal et al. 1987; Reubsaet et al. 1990; Cimini et al.
1994).

Morphology of distal lung parenchyma

In the lung of 2-day-old normal pups, the transitory air
spaces, separated by relatively thick primary septa,

Fig. 2 Morphometric parame-
ters of respiratory space proWles 
in distal lung parenchyma of 
normal and DEHP-treated suck-
ling rats. For each experimental 
condition, data are mean § SD. 
Number and total perimeter are 
expressed per mm2 of reference 
area (see “Material and meth-
ods”). * SigniWcantly diVerent 
from the previous stage 
(P < 0.01). ° SigniWcantly diVer-
ent from the corresponding con-
trol (P < 0.01)

number/mm2

0

200

400

600

800

1000

Control Test

2 days

7 days

14 days

mean area (µµµµm2)

0

2000

4000

6000

8000

10000

Control Test

2 days

7 days

14 days

total perimeter/mm2

0

40

80

120

160

200

Control Test

m
m

2 days

7 days

14 days

mean perimeter (µµµµm)

0

100

200

300

400

500

Control Test

2 days

7 days

14 days

Fcircle

0

0.2

0.4

0.6

0.8

1

Control Test

2 days

7 days

14 days
123



Histochem Cell Biol (2009) 131:491–500 495
typically consisted of smooth-walled channels and sac-
cules, delimited by small ridges. At 7 days the primary
septa were sensibly thinner and some small ridges had elon-
gated to form secondary septa; at 14 days, secondary sac-
cules were very numerous and some true alveoli could be
recognised (Fig. 1a–c). At all the examined stages, the
respiratory spaces of treated pups appeared less numerous
and more expanded than in controls (Fig. 1d–f). Remark-
ably, treated lungs showed practically unchanged histologi-
cal features between 7 and 14 days; consequently, at the
latter stage, diVerences with control samples were espe-
cially strong.

Morphometry of respiratory spaces

During the 2 weeks after birth (Fig. 2), normal animals
showed (1) gradual increase of the number and total peri-
meter of respiratory space proWles, (2) gradually decreased
mean area and mean perimeter, (3) signiWcantly diVerent
values between each stage and the preceding one, with the
highest variations between days 2 and 7.

In treated animals, points in (1) and (2) were also true
and all the evaluated parameters, with the exception of
mean perimeter and Fcircle, signiWcantly varied from one
stage to the subsequent one. With respect to controls, respi-
ratory space proWles of test animals showed signiWcantly
higher mean area at all the examined stages (between 157
and 180%), signiWcantly higher mean perimeter at 7 and
14 days (between 126 and 136%), and signiWcantly lower
number at all ages (between 55 and 67%). Their total
perimeter, dramatically low (50% of control) in 2-day-old
animals, remained below control values (between 83 and
74%) during development, while the Fcircle at 2 days was
signiWcantly higher than control.

Immunolocalization of PCNA

Following either the standard or the ampliWed ABC method
and independent of the microwave treatment, at each
examined stage labelling was restricted to the nuclear
compartment of diVerent cell populations; all control
sections were free of labelling.

In both normal and DEHP-treated animals:

• at 2 days, many labelled nuclei are found in the bronchial
and bronchiolar epithelia and in the adjacent stroma; in
the distal parenchyma, PCNA-positive cells are few
(Fig. 3) and most of them are located at the tips of the
developing septa;

• at 7 days, in the bronchial and bronchiolar epithelia
labelling is scarce; by contrast, in the distal parenchyma,
PCNA-positive cells are numerous and preferentially
found at the saccular corners, i.e. at the base of the

developing secondary septa, besides than at their apices;
several positive nuclei were also found in the vascular
endothelium and in the adjacent stroma;

• at 14 days the number and position of proliferating cells
are similar to those described at the previous stage; in the
distal parenchyma, their preferential localization at the
septal tips is even more evident.

Proliferative index

In both normal and treated rats of all ages (Fig. 4), mesen-
chymal cells showed a higher proliferation rate than epithe-
lial cells. In normal animals, proliferation was especially
active at day 7, with sensible decreases at day 14, and all
values were signiWcantly diVerent from those found in the
previous stage. In treated animals, at contrast, the proliferation

Fig. 3 Lung of 2-day-old rats. PCNA immunolocalization by
standard ABC method and haematoxylin counterstaining. a Normal
animal. b Treated animal. c Canalicular portion of respiratory space,
s saccule, B bronchiole, v vessel. Bar 20 �m. PCNA-positivity is
restricted to nuclei, located both in the canalicular portion of respira-
tory space and in intersaccular walls
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rates progressively increased. In 7-day-old animals, test
value for epithelial cells was signiWcantly diVerent from the
corresponding control.

Catalase and �-SMA immunolocalization

In all the examined specimens, independent of the incuba-
tion conditions, labelling was found in the cytoplasmic
compartment of speciWc cell types; all control sections were
free of labelling.

Fig. 4 Proliferation rates of epithelial and mesenchymal cells in distal
lung parenchyma of normal and DEHP-treated suckling rats. For each
experimental condition, data are mean § SD. ** SigniWcantly diVerent
from the previous stage (P < 0.01). * SigniWcantly diVerent from the
previous stage (P < 0.05). °° SigniWcantly diVerent from the corre-
sponding control (P < 0.01). ° SigniWcantly diVerent from the corre-
sponding control (P < 0.1)
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Fig. 5 Lung of normal 2-day-old rats. �-SMA immunolocalization by
standard ABC method and haematoxylin counterstaining. B bronchi-
ole, s saccule. Bar 20 �m. Positivity is restricted to the cytoplasm of
bronchiolar myocytes and of several cells of intersaccular walls

Fig. 6 Lung of normal 2-day-old rats. Adjacent sections submitted to
standard ABC method and haematoxylin counterstaining. c Canalicu-
lar portion of respiratory space, s saccule. Bar 20 �m. a PCNA immu-
nolocalization. Positivity is restricted to nuclei, located both in the
canalicular portion of respiratory space and in intersaccular walls. b
Catalase immunolocalization. Positivity is restricted to the cytoplasm
of cells identiWed as type II pneumocytes. Cells containing both PCNA
and catalase are extremely scarce (arrows)
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In both control and treated lung, at all the examined
stages, catalase immunoreactivity was restricted to the
cytoplasm of type II pneumocytes, many of which were
characteristically located at the saccular corners, while all
the other cell types were negative. This result, besides
conWrming and extending our previous data (Farioli-
Vecchioli et al. 2001; Magliozzi et al. 2003), further
supports the idea that peroxisomes play a key role in
synthesis, transport and reutilization of surfactant lipid
moiety; moreover, catalase immunocytochemistry was
conWrmed as a method for automated detection and counting
of type II pneumocytes.

Concerning �-SMA, a strong and speciWc positivity was
present in the smooth muscle of bronchial, bronchiolar and
vessel walls, as well as in the myocytes in the canalicular
portions of respiratory spaces. In intersaccular walls, many
labelled cells were found at the tips of the developing sec-
ondary septa and around the venules at the junctions of
three septa (Fig. 5). Consistent with data from other authors
(Pua et al. 2005; Yamada et al. 2005), the majority of these
cells are presumed myoWbroblasts.

In agreement with the above described quantitative
results (higher proliferation rate shown by mesenchymal

than by epithelial cells), both in normal and in treated lung
the comparison between adjacent sections revealed that the
majority of PCNA-labelled cells also contained �-SMA,
while only few of them were found to express catalase.
Results were similar at all the examined stages; signiWcant
examples are shown in Figs. 6, 7, 8.

Discussion

In agreement with results obtained for liver and kidney
(Cimini et al. 1994; Stefanini et al. 1995), lung of neonatal
rats was found to be especially sensible to DEHP eVects.
The respiratory space proWles measured in lung sections
from DEHP-treated rats, in fact, were signiWcantly lower in
number, larger in size and less convoluted in shape, in
comparison with those measured in specimens from normal
animals. A similar alveolar simpliWcation and lack of
septation, with consequent sensible reduction of gas-
exchange surface, had been already described in autoptic
specimens from children aVected by chronic lung diseases
(Sobonya et al. 1982; Hislop et al. 1986; Margraf et al.
1991; Husain et al. 1998; Lassus et al. 2001), as well as in

Fig. 7 Lung of normal 7-day-
old rat. Adjacent sections sub-
mitted to standard ABC method 
and haematoxylin counterstain-
ing. B bronchiole, v vessel. Bar 
50 �m. a �-SMA immunolocali-
zation. A strong labelling is 
found in many cells located in 
the walls of respiratory spaces, 
as well as in the vascular and 
bronchiolar walls. b PCNA 
immunolocalization. The major-
ity of labelled cells are in the 
walls of respiratory spaces; sev-
eral PCNA-positive cells are 
also found in the endothelium of 
vessels, while only few are pres-
ent in the bronchiolar epithe-
lium. Cells containing both 
PCNA and �-SMA are very 
numerous and practically all of 
them are situated in the distal 
parenchyma (arrows). No dou-
ble-labelled cell can be detected 
in the smooth muscle of vascular 
and bronchiolar walls
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lung of hyperoxia-exposed laboratory animals (Coalson
et al. 1995; Boros et al. 1997; Pierce et al. 1997; Warner
et al. 1998; Albertine et al. 1999); both in pathologic and
in experimental conditions these histological alterations
had been considered as due to impairment in alveolar
maturation.

In agreement with these data and our previous results
(Magliozzi et al. 2003), we therefore suggest that in rats
delivered and breast-fed by DEHP-treated females the mat-
uration of distal lung parenchyma is severely aVected; the
septation and the alveolarization processes are impaired not
only during the strictly perinatal period but also throughout
the following remodelling phase.

Concerning lung parenchyma cellular homeostasis, in
normal suckling animals the proliferation rates of both mes-
enchymal and epithelial cells increased between birth and
postnatal day 7 before declining by day 14. Moreover, dur-
ing the Wrst two postnatal weeks, the proliferation rate of
mesenchymal cells was constantly higher than that of type
II pneumocytes; these results are partially consistent with
previous data (Pua et al. 2005; Yee et al. 2006). The prefer-
ential localization of PCNA- and �-SMA-co-expressing
cells at the tips of the developing secondary septa and

around the venules at the junctions of three septa strongly
support the identiWcation of these cells as septal myoWbro-
blasts, which in this postnatal period are especially active in
elastogenesis and more generally in septal elongation
(Yamada et al. 2005). The high proliferation rates shown at
7 days of life by both epithelial and mesenchymal cells are
obviously linked to the strong increase in number of respi-
ratory spaces and the even more dramatic growth of the
gas-exchange surface (the total perimeter of respiratory
spaces reaching at 14 days a sixfold value over the 2-day
value).

In the lung of DEHP-treated rats the percentages of
PCNA-positive elements, both for mesenchymal and epi-
thelial cells, progressively increased, diVering from control
animals, where the highest levels of proliferation were
reached at 7 days of life. We suggest that this diVerent trend
and, particularly, the lower proliferative rates especially
shown by epithelial cells at 7 days are due to the aforemen-
tioned impairment in alveolar maturation, mainly consist-
ing in delayed elongation of secondary septa. The
proliferation rates here obtained are hardly comparable
with those referred for newborn mice and premature prima-
tes exposed to hyperoxia (Bonikos et al. 1975; Coalson

Fig. 8 Lung of DEHP-treated 
7-day-old rat. Adjacent sections 
submitted to standard ABC 
method and haematoxylin count-
erstaining. Respiratory spaces 
are sensibly larger than in con-
trol, saccules and secondary sep-
ta are very few. Moreover, septa 
appear thinner than in control. B 
bronchiole, v vessel. Bar 50 �m. 
a �-SMA immunolocalization. 
As in control specimens, myo-
cytes of vascular and bronchio-
lar walls are strongly labelled 
and many positive cells are 
found in the walls of respiratory 
spaces. b PCNA immunolocali-
zation. As in control specimens, 
the majority of labelled cells are 
in the walls of respiratory spac-
es, while only few are in the 
bronchiolar epithelium. As in 
control lung, the cells containing 
both PCNA and �-SMA are very 
numerous and are situated in dis-
tal parenchyma (arrows)
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et al. 1992; Maniscalco et al. 2002), as well as for prema-
ture infants with bronchopulmonary dysplasia (Coalson
2000). Similar to the results obtained in adult mammals
(Tryka et al. 1986), also in immature lung, the proliferative
answer to stress might be species-speciWc. In any case, the
results here obtained in rats delivered and breast-fed by
DEHP-treated females suggest that the phthalate adversely
aVects lung alveolar development by disrupting the proper
timing of epithelial and mesenchymal cell proliferation.

Concerning the possible mechanism of action of DEHP,
this phthalate, which is able to bind � and � isotypes of per-
oxisomal proliferator activated receptor (PPAR) (Maloney
and Waxman 1999), was proved to exert toxic eVects even
in PPAR�-null mice (Peters et al. 1997; Ward et al. 1998).
As signiWcant levels of PPAR� have been reported in mam-
malian lung (Chen et al. 1998; Chang and Szabo 2000), we
suggested that DEHP eVects on immature mammal lung
might really be mediated by PPAR� (Magliozzi et al.
2003). In rat lung myoWbroblasts, PPAR� expression was
found to accompany the transcription of genes involved in
triglyceride hydrolysis and fatty acid transport (Chen et al.
1998); notably, the same cells respond to PPAR ligands by
increasing their lipid droplet accumulation and lowering the
expression of matrix and cytoskeletal components (McGo-
wan et al. 1997). We previously suggested that in immature
lung of suckling rats a DEHP-induced increase in transloca-
tion of triglycerides from myoWbroblasts to pneumocytes,
together with alterations in the composition of extracellular
matrix, crucial for pneumocytic phenotype achievement
and maintenance (Rannels et al. 1987; Mc Gowan 1992),
might keep these cells in the surfactant-secreting pheno-
type, impairing their migration and conversion into Xat-
tened elements (Magliozzi et al. 2003). Based on our
results, we conWrm that in immature rodent lung, DEHP
treatment aVects the septal myoWbroblasts, not only impair-
ing their secretion pattern, but also modifying their prolifera-
tion rate. These alterations in myoWbroblasts might be
crucial in causing the aforementioned impairment in elon-
gation of secondary septa and maturation of alveoli.
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