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ABSTRACT: During the transition at birth to air breathing, regula-
tion of surfactant release from alveolar type II (ATII) cells is critical.
Atrial natriuretic peptide (ANP) stimulates natriuretic peptide recep-
tor-A (NPR-A) and increases intracellular cGMP. We examined the
changes in ANP and NPR-A in respiratory epithelium during the
perinatal period using immunohistochemistry and studied the effect
of ANP on surfactant release from ATII cells isolated from fetal and
newborn lambs. NPR-A mRNA was detected in the fetal lung by
Northern Blot and RT-PCR. At 100 d gestation (term 145 d), ANP
staining was absent and NPR-A staining was weak in cuboidal
epithelial cells. ANP and NPR-A staining was prominent in ATII
cells at 136 d gestation and was undetectable postnatally. ANP
stimulated (maximal effect at 10�10M) surfactant release from both
late gestation fetal and neonatal ATII cells. Protein kinase G inhibi-
tion significantly blocked this release. We conclude that ANP stim-
ulates surfactant release in isolated perinatal ATII cells by a cGMP-
dependent mechanism. ANP and NPR-A expression in ATII cells is
greatest in late gestation and declines sharply postnatally. We spec-
ulate that increased activity of the ANP/NPR-A pathway in late
gestation may prime the surfactant system, preparing the lung for air
breathing. (Pediatr Res 63: 239–244, 2008)

Through its production and release of surfactant into the
alveolus, the alveolar type II cell (ATII) plays a critical

role in the transition from placental to pulmonary respiration
at birth. The release of surfactant by ATII cells is a highly
coordinated process that is regulated by numerous circulating
factors (1–3). Previous studies have demonstrated that the
hormone atrial natriuretic peptide (ANP) is capable of mod-
ulating ATII cell function in the adult (4); however, its role in
regulating surfactant release in the perinatal period is un-
known. ANP is a member of the natriuretic peptide (NP)
family. The natriuretic peptide receptor-A (NPR-A) is specific
for ANP and is a member of the membrane guanylyl cyclase
family (5). The physiologic responses seen following NPR-A
activation are mediated by cGMP and the subsequent activa-
tion of the cGMP-dependent protein kinase G (PKG) cascade
(6,7).

The primary source of circulating ANP in the fetus are the
cardiac atria (8,9). Fetal plasma ANP increases sharply during
late gestation (reaching levels 5–6 times that seen in adults)
(10). ANP synthesis and binding have also been documented
in other tissues including the brain (11,12), systemic and pulmo-
nary vasculature (13), and lung (14). Studies investigating the NP
within the developing lung have been limited to its role within the
pulmonary vasculature. In the perinatal period, the pulmonary
vascular NP system is upregulated (15) and is believed to con-
tribute to the establishment of a low-pulmonary vascular resis-
tance necessary at birth (16). Although the developing lung
synthesizes ANP and contains large numbers of ANP binding
sites (17,18), the specific pulmonary cell types responsible for
this and the possible role of ANP in lung development remain
largely unknown.

Currently, no study has examined comprehensively the expres-
sion of ANP and NPR-A in respiratory epithelial cells during
fetal and neonatal lung development. Furthermore, ANP-specific
effects on surfactant release from fetal and newborn ATII cells
have not been investigated. Using antibodies specific to ANP and
NPR-A, we sought to identify the sites of potential ANP expres-
sion within the developing respiratory epithelium and to deter-
mine the effect of birth on this expression. We have developed an
in vitro assay utilizing primary cultures of sheep fetal and new-
born ATII cells to examine the effect of stimulation of the
ANP/NPR-A pathway upon surfactant release.

MATERIALS AND METHODS

Immunohistochemistry for ANP and NPR-A. All protocols were ap-
proved by the SUNY Buffalo Institutional Animal Care and Use Committee.
Our immunohistochemistry protocol has been described in detail (16). Preg-
nant ewes were anesthetized by i.v. pentobarbital (750 mg) followed by
isoflurane (1.5%) inhalation. Fetal lambs were delivered by C-section and
killed at 100 and 136 d gestation (term 145 d). Newborn (3 d after sponta-
neous term vaginal delivery) and 4-wk-old lambs were killed by an i.v.
injection of 5 mL pentobarbital sodium (Fatal Plus, Vortech Pharmaceuticals,
Dearborn, MI). The left lung was removed at the level of the mainstem
bronchus and instilled with formalin for 24 h. Lung and control tissue blocks
were embedded in paraffin and immunostained for: ANP and prepro-ANP
(rabbit anti-human: 1:2000 and 1:1500, overnight incubation at 4°C, Penin-
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sula Labs, Belmont, CA), NPR-A (rabbit anti-rat NPR-A-1:1500, overnight
incubation at room temperature, a generous gift of Dr. D. Garbers) (19,20), or
surfactant protein-B (SP-B) (rabbit anti-human SP-B-1:1200, overnight incu-
bation at 4°C, Chemicon, Temecula, CA). Antibody binding was visualized
using SigmaFast DAB (3,3�-Diaminobenzidine Tetrahydrochloride and
H2O2) followed by counterstaining with Mayer’s hematoxylin (Sigma Chem-
ical Co., St. Louis, MO).

RT-PCR and Northern blotting for NPR-A. Briefly, total lung RNA was
reverse transcribed using Moloney Murine Leukemia Virus reverse transcrip-
tase and subjected to PCR using the primers GCTCCTGCAGTCCCCAAAT-
GTGGCTTTGACAA and GGGAATTCATTCTGCACATCCCGCATAT
upstream and downstream, respectively, to generate a 440 bp fragment which
was subsequently sequenced and cloned into a pGEM -3Zf� vector (Pro-
mega, Madison WI). RT-PCR was conducted as described previously (16).
The plasmid was linearized and P32 labeled antisense cRNA used to probe
Northern blots of total cellular RNA to identify a predicted 4.4 Kb band (21).

Isolation of ATII cells from fetal and newborn lambs. The fetal chest
cavity was exposed by a midline sternotomy. Heparin 400 U/kg was injected
directly into the right ventricle and a heparinized cannula was inserted into the
left ventricle, and blood was aspirated. The aortic arch and the inferior vena
cava were clamped, the left atrial wall was opened, and warmed Hanks
balanced salts solution (HBSS; Sigma Chemical Co.) was instilled into the
pulmonary vasculature through the right ventricle. Flushing of the pulmonary
vascular bed was considered complete when the outflow from the left atria
was clear and lung blanching was apparent. The heart and lungs were
removed and the right lung was separated leaving the entire left lung attached
to the heart through the left main pulmonary artery. A catheter fitted with a
stopcock was fed into the left main bronchus. The heart was removed and the
outer surface of the left lung was rinsed with saline to remove any blood.
Newborn lambs (3 d) were anticoagulated by an injection of heparin (400
U/kg) before being killed and subjected to a similar protocol as fetal lambs.

Isolated left lungs of fetal and newborn lambs were lavaged with saline. A
barium sulfate solution (15 mg/100 mL in normal saline, Sigma Chemical
Co.) was infused and the lung was incubated for 15 min at 37°C. The barium
solution was aspirated and the lung was lavaged with saline and warm
minimal essential medium Joklik modification with L-Glutamine (JMEM)
[JMEM, (Sigma Chemical Co.), NaHCO3 2 g/L, HEPES 2.4 g/L, H2O-1L;
pH � 7.6]. The lung was instilled with a protease solution (DNAase type I 2
mg (Sigma Chemical Co.), Elastase (5.1 u/mgP) 3 mL (Worthington Bio-
chemical, Lakewood, NJ), JMEM 200 mL; 37°C) and incubated for 30–35
min at 37°C. During the incubation period, the lung was kept full by
recirculating the protease solution at 5–10 min intervals. The protease incu-
bation was stopped by the instillation of 100 mL of JMEM with 10 mL of fetal
bovine serum (FBS). The pleural membrane was teased away and the digested
lung parenchyma was scraped gently into petri dishes and minced. The
minced lung suspension was then added to 100 mL of a protease inhibitor
solution (DNAase type I 10 mg, JMEM 180 mL, FBS 10 mL) and stirred for
15–20 min and filtered through a series of gauze filters (150, 40, 15 �m),
collected into 50 mL conical tubes and spun at 1500g for 6 min at 4°C to
pellet the cells. Supernatants were discarded and the cell pellets were resus-
pended in 1–2 mL of JMEM and the cell suspension was brought to a final
volume of 40 mL and 5 mL aliquots were loaded slowly into each of eight 50
mL glass tubes containing 12 mL of Percoll 1.04 and 2 mL of Percoll 1.08,
followed by centrifugation at 2250g for 25 min at 4°C. Percoll gradients were
made as follows: Stock isosmotic Percoll (SIP) (p � 1.13): Percoll 90 mL
(Sigma Chemical Co.), HBSS (10�) 10 mL; Percoll 1.04: SIP 30 mL, JMEM
70 mL; Percoll 1.08: SIP 11 mL, JMEM 7 mL. Two milliliter of Percoll (1.08)
was added to each of eight 50 mL glass tubes followed by 12 mL of Percoll
(1.04). The cell band between the 1.04 and 1.08 layers was drawn into four
conical tubes and brought up to a final volume of 40 mL with JMEM and spun
at 1500g for 6 min to pellet the cells. The supernatant was discarded and the
cell pellet was dissolved in 1 mL of warm DMEM (GIBCO, Grand Island,
NY), NaHCO3 3.7 mg/L; pH � 7.4. Cell counts and viability were obtained
using trypan blue staining with a hemocytometer. The cell suspension was
incubated at a density of 15–20 � 106 cells/dish/8 mL serum-free DMEM on
Petri dishes coated with sheep IgG (adapted from Dobbs (22)) and placed in
a 37°C, 5%CO2 incubator for 60 min. The cell suspension was panned gently
4–5 times, aspirated into a 50 mL tube and spun at 1500g for 6 min at 4°C
to pellet the cells. The cell pellets were resuspended in 5 mL of DMEM and
a second cell count and trypan exclusion assay was performed.

The purity of the ATII cell suspensions was determined by a modified
Papanicolaou staining of cytospin preparations (23) of aliquots removed after
differential centrifugation alone and in combination with panning on sheep
IgG coated plates.

Measurement of surfactant secretion from primary cultures of ATII cells
isolated from fetal and newborn lambs. Each assay was performed using
primary cultures obtained from single individual fetal and newborn lambs.

Petri dishes were prepared for cell culture by coating with rat-tail collagen
(Biomedical Technologies, Stoughton, MA) diluted 1:10 in glacial acetic acid
and sterile water (1:1000); 200 �L were added to six-well culture plates and
were allowed to dry overnight. After the ATII cell isolation procedure, the cell
pellet was resuspended in warm DMEM with antibiotic/antimycotic (Life
Technologies): penicillin-G 10,000 units/mL, streptomycin 10,000 �g/mL,
amphotericin-B 25 �g/mL (stock diluted 1:200 in culture media), and 10%
charcoal stripped FBS to a final concentration of 1.5 � 106 cells/mL. To
assess surfactant release, 1 �ci 3[H] choline chloride/mL (Amersham, Arling-
ton Heights, IL) was added to the cell suspension. Two milliliters of the cell
suspension was added to each well of a six-well plate and incubated for 16–18
h in a 5%CO2 incubator at 37°C.

The presence of ATII cells following overnight culture was assessed by
tannic acid staining of cells cultured on collagen coated chamber slides at a
concentration of 1 � 106 cells/well/mL using a previously described method
(24). The media was discarded and plates were washed twice with warm
serum free DMEM. One milliliter of warm serum free DMEM was added to
each well and the cells were returned to the incubator for 30 min. Cells were
removed from the incubator, the selected agents (see below) were added and
the plates were returned to the incubator for 3 h. The media was removed and
centrifuged for 10 min at 1500 rpm to remove any cells. The supernatant was
then transferred to screw top tubes and 3 mL of chloroform/ethanol (1:2) was
added, the tubes were vortexed and stored at �30°C until extracted. Normal
saline (800 �L) was added to each well and the cell layers were scraped off
and placed into screw top tubes. The wells were washed with 2 mL of
methanol, and 1 mL of chloroform was added to the cell scrapings, vortexed
and stored at �30°C until extracted as previously described (25). Samples
were removed from �30°C and 1 mL of chloroform and 1 mL of water were
added, vortexed, and mixed for 15 min followed by centrifugation at 2400
rpm for 15 min. The lipid layer was drawn off and placed in glass scintillation
vials. A second extraction was performed by adding 2 mL of chloroform to
each tube followed by mixing for 15 min and centrifugation for 15 min. The
lipid layer was removed and combined with the first extraction. Extracted
samples were dried completely under a stream of air, reconstituted in 1 mL of
chloroform and mixed with 9 mL of scintillation fluid. Counts for 3[H] were
obtained as cpm using a Wallac 1409 liquid scintillation counter. Data were
expressed as percent surfactant release using the following calculation: [cpm
in the extracted media/cpm in the extracted media � cpm in the extracted
cells] � 100.

Compounds tested in the surfactant secretion assay included ANP (human,
1–28 Peptides International, Louisville, KY); Terbutaline Sulfate (Breathine),
10�5 M (Novartis); Rp-8-Br-PET-cGMPS, a PKG inhibitor (PET), 10�5 M,
(Calbiochem, San Diego, CA). The dosages of terbutaline, ANP, and PET
chosen for our assays were based upon preliminary studies in our laboratory
and are consistent with that of previously published reports (4,26).

Surfactant secretion data were analyzed by one-way ANOVA followed by
Bonferonni’s post hoc test for multiple comparisons using STATA 7.0
software (College Station, TX).

RESULTS

NPR-A Northern Blot and RT-PCR in fetal lung. NPR-A
mRNA was identified by Northern blotting at 4.4 Kb (21) (Fig.
1) in whole lung samples from fetal lambs at 136 d gestation.
RT-PCR analysis for detection of NPR-A in 136 d gestation fetal
lung yielded a 440 bp band as predicted (Fig. 1).
Immunohistochemistry for prepro-ANP, ANP, and

NPR-A in fetal and newborn lamb lung. In all tissues and at
all age groups studied, staining was absent in sections incu-
bated with normal rabbit serum used in place of the primary
antibodies (Fig. 2A). At 100 d of gestation, staining for SP-B
(suggesting the presence of mature ATII cells) was absent in
all lung epithelial cells (not shown). By 136 d of gestation and
at 3 d and 4-wk postgestation, SP-B staining was present in
ATII cells (Fig. 2B–D). In addition to ATII cells, SP-B
staining was also seen in nonciliated cells of the lower airways
(Clara cells, not shown). Sections of pulmonary artery, cardiac
atria, and kidney from newborn lambs demonstrated positive
staining for prepro-ANP whereas no staining was identified in
sections of lamb cerebellum (Fig. 2E–H).
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At 100 d of gestation, staining for prepro-ANP and ANP
was absent in all epithelial and vascular lung cells (Figs. 3A
and 4A). By 136 d of gestation, ATII cells and Clara cells
demonstrated intense staining for both prepro-ANP and ANP
(Figs. 3B and 4B). At 3 d and 4 wk postnatal age, prepro-ANP,
and ANP immunostaining was no longer detectable in ATII
cells. Although prepro-ANP and ANP staining in Clara cells
was still detectable after birth, the intensity of staining and
number of positive cells was dramatically reduced when
compared with the late term fetus (Figs. 3C and 4C).
Epithelial staining was decreased further by 4 wk of age
(Figs. 3D and 4D).

At 100 d of gestation, the cuboidal epithelial cells lining the
developing distal airspaces were weakly positive for NPR-A
(Fig. 5A). Positive NPR-A staining was clearly visible as a
granular precipitate within the apical cytoplasmic surface of ATII
cells from lambs at 136 d of gestation (Fig. 5B), but was absent
in ATII cells from 3d and 4wk lambs (Fig. 5C, D). At 136 d of
gestation, NPR-A expression was also seen in Clara cells lining
the distal airways (Fig. 5B, inset). After birth, NPR-A staining in

Clara cells was reduced markedly but was still present in scat-
tered cells of the distal airways even at 4 wk of age (Fig. 5C, D).
Within the larger conducting airways of 136 d fetal lambs,
NPR-A was present along the membrane of ciliated columnar
epithelium (Fig. 6B). Similar to that seen in the distal lung
epithelium, NPR-A staining within the ciliated columnar epithe-
lium of the bronchi also decreased dramatically after birth. In
contrast, staining persisted within the adjacent nonepithelial
structures such as chondrocytes and airway smooth muscle (Fig.
6C, D).

Isolation and culture of alveolar type II cells from fetal
and newborn lambs. The goal of our isolation protocol was to
acquire an ATII cell preparation for use in primary culture
with a purity of �85%, a cell number �25 � 106 and cell
viability �90% as reported in other species (23). Two distinct
methods for ATII cell isolation were tested both alone and in
combination. The first isolation method, based upon differen-
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Figure 2. Controls for immunohistochemistry. A, 136 d fetal lamb lung incubated with nonimmune rabbit serum in place of the primary antibodies. B–D, SP-B
Staining in ATII cells at 136 d, 3 d, and 4 wk. E–H, 3 d lamb pulmonary vascular endothelium (open-arrow), cardiac myocytes, and renal collecting duct
epithelium demonstrate positive staining for pre pro ANP. Staining is absent in Purkinje cells of 3 d lamb cerebellum (arrows).
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Figure 1. NPR-A mRNA was identified by Northern blotting at 4.4 Kb (A)
and by RT-PCR at 440 bp (B, arrow) in whole lung samples from fetal lambs
at 136 d gestation. *Negative control is no reverse transcriptase.
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Figure 3. Prepro-ANP immunostaining in lamb lung. A, At 100 d gestation,
prepro-ANP is absent from all lung cells. B, By 136 d of gestation, prepro-
ANP expression is present in ATII cells (arrowheads) and Clara cells (inset,
arrows). C, Prepro-ANP is absent in ATII cells (arrowheads) but is still
present within Clara cells (arrows) at 3 d post gestation. D, Prepro-ANP
staining is further reduced in lung epithelium at 4 wk of age.
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tial centrifugation of crude lung cell suspensions on a discon-
tinuous Percoll gradient yielded a total cell number of 116 �
12.2 � 106 and an ATII cell yield of 45% � 8.5 with a
viability of 90.2% � 2.1. Papanicolaou staining of cytospin
preparations following differential sedimentation demonstrated a
significant contamination by neutrophils and macrophages. Fol-
lowing panning of cells on IgG coated dishes, total cell
numbers decreased significantly to 65 � 106 � 18.9 (due to
the removal of large numbers of WBC), ATII cell purity
increased to 86.6% � 1.4 and viability remained above
90%. The combination of differential centrifugation on a
Percoll gradient followed by panning on IgG coated dishes
yielded the best combination of ATII cell number, purity,
and viability.

Following overnight cell culture and washing of the plates,
clusters of cells of a similar size and shape were attached to
the culture plate. Tannic acid staining of cell cultures revealed
large dark–brown intracellular inclusions consistent with sur-
factant-producing lamellar bodies.
ANP stimulated release of 3[H] phosphatidylcholine (PC)

from ATII cells. The percent 3[H]PC release for untreated
ATII cells was 2.33% � 0.5 fetal (n � 4) and 1.73% � 0.19
for newborn lambs (n � 4). Following a 3 h incubation with
10�4 M terbutaline, the percent 3[H]PC release was 6.08% �
1.68 in fetal and 3.2% � 0.38 in newborn lambs. ANP 10�10

M increased fetal and newborn ATII cell secretion of 3[H]PC
66% and 72% above baseline, respectively (Fig. 7A, B). In
both near-term fetal and newborn ATII cells (Fig. 7), the
addition of the PKG inhibitor PET significantly blocked
(�90%) the ability of ANP to stimulate 3[H] PC release. The
release of 3[H] PC was unchanged by the addition of PET
alone.

DISCUSSION

Previous studies have shown that the late-term fetus and
newborn are exposed to elevated levels of circulating ANP
and that the perinatal lung contains large numbers of binding
sites for the NP (10,27,28). Our findings indicate that distal
lung epithelial cells (ATII and Clara cells) during late gesta-
tion contain relatively large amounts of ANP/prepro-ANP and
express NPR-A within the apical region of the cell, suggesting
an autocrine/paracrine mode of action for ANP released into
the distal airspace. Supporting the role of the lung as a source
of ANP synthesis is the presence of NP mRNA isolated from
lung homogenates and the secretion of ANP from lung cells in
culture (29,30). Our finding of a rapid postnatal reduction in
NPR-A is in contrast to earlier studies using lung slices that
demonstrated a rise in pulmonary NPR-A activity postnatally
(18). A possible explanation for this disparity is that many
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Figure 4. Immunostaining for ANP in fetal and newborn lamb lung. A, At
100 d gestation, staining for ANP is absent within all lung epithelial cells. B,
Immunostaining for ANP in ATII cells from 136 d gestational age fetal lambs
(arrowheads). C and D, By 3 d and 4 wk of post gestation, ANP staining is
absent in ATII cells (arrowheads) and is weakly positive in Clara cells
(arrows). Open arrow shows an intraacinar artery.
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Figure 5. Immunostaining for NPR-A in fetal and newborn lamb lung. A, At
100 d gestation, weak staining for NPR-A is present in epithelial cells lining
the developing airways (double arrows). B, Strong immunostaining for
NPR-A is present in ATII cells (arrowheads) and Clara cells (inset-arrows)
from 136 d gestational age fetal lambs. C, By 3 d post gestation, NPR-A
staining is absent in ATII cells (arrowheads) but is still present in Clara cells
(arrows). D, By 4 wk of age, NPR-A staining is absent in ATII cells
(arrowheads) and is weak within Clara cells (arrows).
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Figure 6. Immunostaining for NPR-A in fetal and newborn lamb bronchus. A,
At 100 d gestation, staining for NPR-A is absent within ciliated epithelial
lining the bronchus. B, At 136 d gestation, NPR-A staining is prominent at the
basal surface of ciliated bronchial epithelial cells (open arrowheads). C and D,
Staining for NPR-A is absent in ciliated bronchial epithelial cells from 3 d and
4-wk-old lambs. Strong positive staining for NPR-A is present in chondro-
cytes (arrows) and bronchial smooth muscle (arrowhead).
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nonepithelial cell types in the fetal and newborn lung also express
NPR-A such as vascular smooth muscle, airway-associated
smooth muscle, and chondrocytes. Unlike that seen in the distal
lung epithelium, we did not observe a postnatal downregulation
in nonepithelial cell populations. In fact, NPR-A staining in-
creased significantly in chondrocytes following birth. Therefore,
the increase in whole lung NPR-A activity may represent in-
creases in NPR-A expression in nonepithelial cell populations.

Previous investigations in adult animals have implicated ANP
as a possible hormonal regulator of surfactant release and water
balance across the pulmonary epithelial barrier. Using an in vitro
assay, we have demonstrated that ANP stimulates cGMP-
mediated release of PC from ATII cells isolated from both fetal
and newborn lambs as coincubation of ANP with the specific
PKG inhibitor PET resulted in an almost complete blockade of
ANP-stimulated PC release. It has been well established that
cAMP and activators of adenylyl cyclase such as beta agonists
and ATP are potent stimulators of surfactant release (31,32).
However, studies examining the effect of cGMP on surfactant
release have yielded mixed results. Initial studies of surfactant
secretagogues demonstrated that the addition of cAMP but not
cGMP resulted in a stimulation of PC secretion from cultured
ATII cells (31). However, more recent reports demonstrate
cGMP-mediated stimulation of PC release from both ATII cells
in culture and in an isolated perfused lung system (33,34) similar
to our study. Currently, the physiologic level of ANP within the
developing lung is not known. Although average basal plasma
levels of ANP in the near-term fetal lamb have been shown to
range from 130–165 pg/mL (10,35), this may not accurately

reflect its concentration within the local environment at the level
of the respiratory epithelial layer.

In the only other study that examined the effect of ANP on
surfactant release (36), ANP at �M concentrations inhibited
PC release from adult rat ATII cells. However, this inhibitory
effect was seen only with respect to terbutaline-stimulated PC
release. In the same report, ANP alone at pM concentrations
did not inhibit or stimulate PC release. Because our study
focused only on ATII cells isolated from fetal and 2 to 3-d-old
newborn lambs this difference may be the effect of age or
species differences. Finally, the effect of culture conditions in
the present study must be considered. It has been recognized
for some time that the culturing of adult ATII cells for even
relatively brief periods of time leads to phenotypic alteration.
This phenomenon may explain why in our investigation,
newborn lung, which in situ expressed much less NP and
NPR, demonstrated an equal response to our agonists in vitro.

In summary, prepro-ANP, ANP, and NPR-A appear in ATII
cells late in gestation and decline sharply postnatally. ANP
stimulates surfactant release in isolated ATII cells by a cGMP-
dependent mechanism, presumably through NPR-A activa-
tion. We speculate that the rise in ANP in late gestation may
be priming the surfactant system, readying the lung for air
breathing.
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