
Dexamethasone Treatment Attenuates Pulmonary
Injury in Piglet Meconium Aspiration

RIIKKA HOLOPAINEN, JUKKA LAINE, LAURI HALKOLA, HEIKKI AHO, AND PEKKA KÄÄPÄ

Cardiorespiratory Research Unit [R.H., L.H., P.K.], Department of Pathology [J.L., H.A.], and
Department of Pediatrics [P.K.], University of Turku, 20520 Turku, Finland

To investigate the pulmonary effects of steroid treatment in
neonates with meconium aspiration, 25 10- to 12-d-old piglets
were studied for 6 h after an intratracheal bolus of human
meconium. Dexamethasone (0.5 mg/kg) was given in two treat-
ment schedules, either 1 h before (n 5 6) or 1 h after meconium
instillation (n 5 8). Eight piglets served as controls. Three
additional piglets were given dexamethasone without meconium
instillation. Pulmonary hemodynamics and oxygenation were
followed, and lung tissue samples investigated for signs of
inflammation and ultrastructural injury, including apoptosis. Pul-
monary artery pressure and vascular resistance increased after
meconium instillation, but this rise was significantly prevented
after prophylactic dexamethasone. This treatment also improved
the acutely deteriorated oxygenation of the piglets after meco-
nium insufflation. Prophylactic, but not early, dexamethasone
treatment further protected the lungs from the ultrastructural
changes caused by meconium instillation. Additionally, the in-

crease of apoptotic epithelial cell deaths was significantly pre-
vented by both dexamethasone treatments. These results show
that prophylactic dexamethasone treatment significantly attenu-
ates the early pulmonary hemodynamic deterioration and struc-
tural lung damage caused by meconium aspiration. Further stud-
ies on the apoptosis-inhibiting effect of dexamethasone
administration in neonatal lungs exposed to heavy meconium are
warranted. (Pediatr Res 49: 162–168, 2001)

Abbreviations:
Fio2, fraction of inspired oxygen
MABP, mean arterial blood pressure
MAS, meconium aspiration syndrome
MPAP, mean pulmonary artery pressure
PLA2, phospholipase A2

PVR, pulmonary vascular resistance
SVR, systemic vascular resistance

Perinatal aspiration of meconium frequently results in severe
respiratory failure with ventilation-perfusion mismatching in
the lungs, hypoxemia, and increase in pulmonary vascular
resistance associated with high morbidity and mortality among
term infants (1). The pathophysiology of the meconium aspi-
ration syndrome is complex, but inflammation with accumula-
tion of polymorphonuclear leukocytes in the pulmonary tissue
has been identified as a central event in the development of acute
tissue damage (2, 3). This inflammatory reaction is associated
with increased pulmonary vascular permeability leading to pro-
teinaceous exudation into the alveolar spaces and inactivation of
the pulmonary surfactant, and may together with direct toxic
effects of meconium on the alveolocapillary membrane signifi-
cantly contribute to the lung injury process (1, 3).

Glucocorticoids possess a potent anti-inflammatory activity
by modulating the action of inflammatory mediators and re-
ducing the activation and recruitment of leukocytes in the lungs

(4). Steroids have been used with variable success to prevent
and treat acute and chronic lung injury in immature newborn
infants during the neonatal period (5, 6). Further, inflammatory
and injurious changes from hyperoxia and barotrauma in ma-
ture neonatal lungs may be significantly ameliorated by pro-
phylactic treatment with dexamethasone (7). In meconium
aspiration, however, the results from the use of steroid therapy
have been controversial (8, 9), and glucocorticoids have not
been recommended for the treatment of infants with meconium
aspiration. Nevertheless, a recent study in our laboratory sug-
gested that prophylactic high-dose methylprednisolone admin-
istration has beneficial effects on the course of meconium
aspiration-induced lung injury in pigs (10).

The aim of this work was to study the possible protective
and therapeutic effects of dexamethasone on pulmonary hemo-
dynamics and oxygenation in severe neonatal meconium aspi-
ration and to further investigate the potentially modifying
features of this treatment on the meconium aspiration-induced
pulmonary tissue inflammation and phospholipase A2 activity,
as well as apoptosis of alveolar cells. Newborn piglet was
chosen as the experimental animal because of its similar lung
morphology to that in human (11).
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METHODS

Animals. Twenty-five 10- to 12-d-old piglets (mean weight
4.6 kg, range 3.5–5.2 kg) were anesthetized and catheterized,
as described earlier (12). Briefly, animals were premedicated
with ketamine hydrochloride (40 mg/kg) i.m. and diazepam (2
mg/kg) i.m. and placed in supine position. They were then
intubated and connected to a volume-controlled ventilator.
Mechanical ventilation was started with room air, ventilatory
rate being 28 breaths/min, end expiratory pressure 2–3 cm
H2O, and tidal volume 16–20 mL/kg. Anesthesia was main-
tained by continuous i.v. infusion of ketamine hydrochloride
(10 mgzkg21zh21). Paralysis was induced with pancuronium
bromide (0.1 mg/kg) i.v. and maintained with continuous
infusion (0.25 mgzkg21zh21). Thrombus formation along the
catheters was prevented by heparinizing all the infusions so-
lutions (8 IU/mL).

The experiments were approved by the Committee of Ani-
mal Care in Research of the University of Turku. Animals were
cared for in accordance with procedures outlined in the Guide
for the Care and Use of Laboratory Animals (National Insti-
tutes of Health Publication No. 85-23).

Measurements. A 5F Swan-Ganz thermodilution catheter
(Baxter Corp., Irvine, CA, U.S.A.) was inserted via the right
external jugular vein and placed under pressure monitoring into
the pulmonary artery for measurement of MPAP, pulmonary
wedge pressure, and central venous pressure at end-expiration,
as well as cardiac output. Further, to monitor systemic hemo-
dynamics and to collect blood samples, a small polyethylene
catheter was placed in the abdominal aorta via the right femoral
artery. Mean airway pressure was monitored from the proximal
end of the endotracheal tube. Pressures were measured using
Baxter Uniflow transducers (Model 43-600, Bentley Laborato-
ries, Uden, Holland) and a hemodynamic and respiratory com-
puter system (Olli 530, Kone Oy, Helsinki, Finland), and
recorded on an eight-channel recorder (Mingograf 82, Sie-
mens-Elema, Solna, Sweden). Surface ECG was recorded for
heart rate. PVR was calculated as the difference between the
MPAP and pulmonary wedge pressure divided by cardiac
output, and the SVR as the difference between the MABP and
central venous pressure divided by cardiac output.

Blood pH, Pco2, Po2 and oxygen saturation were measured
by an automatic blood gas analyzer (Radiometer ABL 50,
Copenhagen, Denmark) immediately after obtaining the sam-
ples from the aorta and pulmonary artery and correction for
body temperature. Hb was measured by an electronic analyzer
(Coulter Stdr, Luton, England). The intrapulmonary shunt
fraction was calculated from the standard shunt equations on
100% oxygen.

Experimental protocol. After 1 h of stabilization and sub-
sequent baseline measurements, 22 piglets received a bolus (3
mL/kg) of a 65 mg/mL mixture of human meconium via the
endotracheal tube. The meconium was obtained from the first
stools of several healthy term infants. It was then pooled,
lyophilized, and irradiated for sterility, and before the experi-
ment diluted with sterile saline. We have previously shown that
intratracheal instillation of this amount of meconium induces a
progressive pulmonary hypertension in neonatal piglets (12).

Dexamethasone (Decadront, 4 mg/mL, MSD, Amsterdam,
The Netherlands) was infused as a single i.v. bolus (0.5 mg/kg)
in six piglets 1 h before (Dexa-1) and in eight piglets 1 h after
meconium instillation (Dexa-2). Eight untreated piglets served
as controls. Additionally, three piglets without instillation of
meconium into the airways were studied and were given the
same amount (0.5 mg/kg) of dexamethasone i.v., simulta-
neously with the baseline measurements (Dexa-3). The hemo-
dynamic changes were registered and blood gas samples taken
at baseline and serially for 6 h after meconium instillation. To
avoid hypoxemia, the piglets received supplemental oxygen to
maintain arterial Po2 above 8 kPa (60 mm Hg). The arterial
Pco2 was maintained below 5 kPa (38 mm Hg) by adjusting the
frequency of the ventilator. Two of the piglets in the control
group died due to respiratory failure before the completion of
the experiment and were excluded from further analysis. At the
end of the experiment the animals were killed with an overdose
of potassium chloride.

Histologic examinations. For histologic analysis of the
lungs, a 2 3 2 3 2 cm piece of pulmonary tissue from the right
lower lobe was fixed in buffered formalin. The tissue samples
were dehydrated, cleared, and embedded to paraffin according
to a routine process. Five-micrometer sections were stained
with hematoxylin and eosin for light microscopic analysis. To
determine the extension and severity of the lung tissue injury,
the histologic samples were assessed by a pathologist blinded
to the grouping of the piglets. A score from 0 to 4 was assigned
for three different characteristics: 1) extent of leukocyte infil-
tration, 2) amount of intra-alveolar leukocytes, and 3) amount
of exudative debris, including fibrin, edema fluid, and meco-
nium. The calculated total injury score means the sum of these
scores.

Electron microscopy. For ultrastructural analysis of the
lungs, small pieces (1 mm3) of pulmonary tissue were taken
from the lateral diaphragmatic edge of the right lower lobe.
The samples were fixed in 3.0% phosphate-buffered glutaral-
dehyde, postfixed in 1% osmium tetroxide and embedded in
Epon 812. Sections 1 mm in thickness were cut and stained
with toluidine blue. The slides were then examined under the
light microscope and selected areas were processed for ultra-
thin sections, which were contrasted by uranyl acetate and lead
citrate. The grids were studied in a Jeol JEM 1200 EX micro-
scope (Tokyo, Japan).

Phospholipase A2 activity. Because the catalytic activity of
phospholipase A2 may be increased in inflamed tissues (13),
this enzyme activity in lung tissue homogenates was measured
as earlier described (13, 14).

In situ detection of apoptotic cells. In situ detection of
apoptotic cells in paraffin sections of the lung tissue (right
lower lobe) was performed by in situ nick-end labeling method
(TUNEL), as reported earlier (13). Piglet lymphocytes under-
going apoptosis in the lymph nodes adjacent to lung tissue
served as a positive control. Apoptotic cells were counted in
lung sections. A distinct intensively dark color reaction within
lung tissue cells was regarded to represent apoptotic DNA
fragmentation. The results are expressed as the number of
positive cells per square millimeter of tissue section area in 20
microscopic fields of a 103 magnifying objective lens at each
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time point. The method is well established in detection of
apoptotic cellular changes and was validated by simultaneous
electrophoretic DNA analysis in pancreatic tissue (13).

Data analysis. Physiologic data were analyzed using two-
way ANOVA with repeated measures to compare the groups at
each time point. The Mann-Whitney rank sum test was used to
analyze the possible differences between the groups. For his-
tologic and biochemical results, ANOVA was used to compare
the groups. If the overall ANOVA was significant, posthoc
comparisons between the groups were made using the Student-
Newman-Keuls test. A level of p , 0.05 was considered
statistically significant. The results are expressed as mean
(6 SEM).

RESULTS

Physiologic changes. As previously reported (12), pulmo-
nary artery pressure and vascular resistance increased progres-
sively after instillation of meconium (Fig. 1, Table 1). Dexa-
methasone treatment did not have any effects on pulmonary
hemodynamics at baseline, but prophylactic (unlike early)
dexamethasone significantly prevented the meconium-induced
rise in the pulmonary pressure, and vascular resistance (Fig. 1,
Table 1). On the other hand, MABP increased after early
dexamethasone treatment, but SVR was not affected by the
dexamethasone administration (Table 1).

Oxygenation of the piglets, presented as the arterial Po2/
Fio2-ratio, deteriorated initially in all study groups after meco-
nium instillation, but thereafter both regimens of dexametha-
sone tended to improve oxygenation (Fig. 2, upper panel). In
the piglets with prophylactic dexamethasone administration,
the arterial Po2/Fio2 ratio was significantly higher than in
controls during the early period after meconium instillation
(Table 2). The intrapulmonary shunt fraction increased acutely
in all study groups after meconium administration, but the
increase seemed to be attenuated in Dexa-1 group (Fig. 2,
lower panel; Table 2). Subsequently, the shunt fraction de-
creased toward baseline in all study groups (Fig. 2, lower
panel; Table 2). There were no significant differences in pH or
arterial Pco2 between the study groups (data not shown).

Dexamethasone in ventilated piglets without meconium in-
sult did not have any effect on pulmonary or systemic hemo-
dynamics or oxygenation (data not shown).

Histologic findings. In the lungs instilled with meconium,
patchy areas of severe acute inflammation were found. The
alveoli were partly atelectatic and contained varying amounts
of leukocytes, fibrin, and also occasional epithelial cells of the
instilled meconium. Bronchi contained leukocytes, cell debris,
and epithelial cells of meconium. No pulmonary hemorrhages
or necrosis of pulmonary parenchyma were observed. The
basic pulmonary reaction was similar in the Dexa-1 and
Dexa-2 groups compared with controls. However, in contrast
to Dexa-2 group, prophylactic dexamethasone treatment
tended to decrease the severity of the pulmonary inflammatory
changes. Consequently, the total injury score was at a border-
line (p 5 0.058) lower in Dexa-1 group than in the controls
(Table 3). Dexamethasone administration did not affect the
ventilated lungs without instilled meconium in the Dexa-3
group.

Electron microscopic findings. In the meconium-instilled
lungs, alveolar walls showed slight reversible changes with
intracellular edema and autophagocytosis, as described earlier
(15). Fibrin and meconium were present in alveolar spaces in
all the insufflated lungs. The alveolar walls in the Dexa-1 group
were normal in most places (Fig. 3), but were partly detached
with swollen endoplasmic reticulum in the Dexa-2 group (Fig.
4). Dexamethasone administration without meconium insult
did not affect the normal lung ultrastructure in the Dexa-3
group.

Apoptosis. Data from our laboratory have previously shown
that meconium instillation significantly increases the number
of pulmonary apoptotic cells, mainly in the alveolar epithelium
(15). In the present study, the number of apoptotic cells (Fig. 5)
was significantly lower after both dexamethasone treatments
(Dexa-1, p 5 0.016; Dexa-2, p 5 0.014) than in the nontreat-
ment group (Fig. 6).

Inflammatory parameters. The lung left lower lobe wet/dry
weight ratios were similar in all study groups (Table 3.). The
lung tissue PLA2 activity in the control and dexamethasone-
treated lungs were also similar (Table 3). No correlation be-
tween the tissue PLA2 activity and injury score was found in
any of the groups. Dexamethasone treatments prevented the
meconium instillation-induced fall in the amount of blood
leukocytes, and resulted in a marked increase in their number

Figure 1. The percentage change in the MPAP (upper panel) and PVR (lower
panel) in 20 newborn piglets at baseline (0) and during 6 h after intratracheal
instillation of meconium. Fourteen piglets were treated with dexamethasone
given as a single i.v. dose (0.5 mg/kg) in two treatment schedules, either 1 h
before (Dexa-1, n 5 6) or 1 h after meconium instillation (Dexa-2, n 5 8). Six
nontreated piglets served as controls. Mean (SEM). *p , 0.05 vs controls. **p
, 0.05 vs Dexa-2.
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from 3 h on, especially after prophylactic dexamethasone
(Fig. 7).

DISCUSSION

The results of this experimental study indicate that dexa-
methasone treatment, especially when given prophylactically,
attenuates the meconium aspiration-induced hypertensive re-
sponse and inflammatory injury in 10- to 12-d-old piglet lungs,
still in the process of postnatal adaptation (11). This finding
corroborates similar experimental results from prophylactic
administration of dexamethasone in hyperoxic hyperventilated
neonatal lungs (7) and high-dose methylprednisolone in meco-
nium-exposed juvenile lungs (10). In addition to pretreatment,
early high-dose glucocorticoid treatment of lung injury may
also prevent further pulmonary damage, whereas steroids given
at the time of well-established injury have only limited or no
positive effects (16–18). Accordingly, controlled clinical trials
of pre- and postnatal dexamethasone administration have
shown significant improvements in the course of respiratory
distress syndrome in premature infants (5, 6). In meconium
aspiration syndrome, based on previous negative results of
low-dose hydrocortisone therapy (8, 9), steroid treatment is
presently not recommended. Our present and earlier data (10),
however, suggest that studies on the clinical significance of
dexamethasone treatment in term or post-term infants exposed
to heavy meconium may be warranted.

Development of pulmonary hypertension often complicates
the symptoms of infants with meconium aspiration syndrome.
This hypertensive reaction, thought to result from meconium-
induced release of vasoactive mediators and altered pulmonary
vasoreactivity (1, 19), is associated with microvascular endo-
thelial changes in the meconium-exposed lungs already during
the first hours after the insult (2). Corticosteroids have been
demonstrated to modulate pulmonary vasomotor activity in
hypertensive lung injuries by influencing the release and action

of various vasoactive mediators, including eicosanoids (4, 20,
21). This depressor effect of early steroid therapy is also
confirmed in our experimental models of meconium aspiration

Figure 2. The percentage change in the ratio of Pao2 to fraction of inspired
oxygen (Fio2) (upper panel), and fraction of intrapulmonary shunting (lower
panel) in 20 newborn piglets at baseline (0) and during 6 h after intratracheal
instillation of meconium. Fourteen piglets were treated with dexamethasone
given as a single i.v. dose (0.5 mg/kg) in two treatment schedules, either 1 h
before (Dexa-1, n 5 6) or 1 h after meconium instillation (Dexa-2, n 5 8). Six
nontreated piglets served as controls. Mean (SEM).

Table 1. Hemodynamic data during 6 h after intratracheal instillation of meconium in control (N 5 6), dexamethasone-pretreated
(Dexa-1, N 5 6), and dexamethasone treated (Dexa-2, N 5 8) neonatal piglets

Time (min)

0 15 30 60 120 180 240 360

MPAP (mm Hg)
Control 13.0 (2.9) 15.3 (2.3) 16.2 (2.7) 16.0 (2.1) 20.0 (2.8) 23.0 (3.4) 24.3 (3.8) 25.8 (7.4)
Dexa-1 14.1 (1.6) 13.8 (1.9) 14.8 (2.2) 15.0 (1.7) 17.1 (2.7)† 18.8 (4.0)† 19.5 (3.4)*† 21.0 (4.7)
Dexa-2 13.8 (1.0) 15.0 (1.2) 16.0 (1.5) 16.7 (0.8) 24.3 (2.1)* 25.0 (3.0) 26.3 (4.0) 26.1 (5.5)

PVR (mm Hg/L/min)
Control 11.5 (3.8) 13.9 (5.2) 15.6 (6.0) 16.2 (5.5) 21.4 (4.8) 24.1 (4.5) 29.5 (7.4) 29.1 (6.7)
Dexa-1 10.4 (2.9) 11.0 (3.5) 11.9 (4.0) 12.7 (3.2) 15.5 (5.5)† 18.1 (6.0) 18.5 (5.9)† 20.7 (5.3)*
Dexa-2 9.7 (2.4) 11.5 (2.9) 12.3 (3.1) 13.0 (2.3) 25.5 (7.8) 25.1 (6.2) 27.0 (6.9) 27.4 (8.4)

MABP (mm Hg)
Control 67.1 (17.8) 66.5 (12.1) 66.1 (11.2) 69.5 (9.1) 71.3 (9.5) 76.3 (10.5) 75.8 (8.9) 71.5 (13.1)
Dexa-1 65.6 (4.9) 67.3 (7.5) 70.3 (7.5) 75.3 (10.1) 80.6 (8.7) 74.0 (6.1)† 74.6 (8.5)† 77.8 (8.8)
Dexa-2 74.0 (13.7) 75.5 (14.6) 78.8 (14.7) 81.8 (14.4) 90.6 (15.5)* 88.3 (14.1) 94.0 (15.3)* 89.5 (15.4)*

SVR (mm Hg/L/min)
Control 59.9 (17.4) 62.5 (20.2) 65.8 (25.1) 72.7 (23.5) 84.1 (20.5) 90.4 (16.7) 98.2 (20.9) 90.4 (24.2)
Dexa-1 56.5 (14.7) 64.5 (16.1) 68.6 (21.8) 77.9 (21.4) 85.3 (20.9) 82.7 (15.4) 80.4 (14.5) 87.5 (14.6)
Dexa-2 64.0 (15.3) 68.4 (22.2) 69.3 (18.0) 73.7 (16.8) 108.9 (24.2) 104.2 (24.0) 111.2 (25.0) 108.1 (25.2)

Results are expressed as the mean (SD).
* p , 0.05 vs control.
† p , 0.05 vs Dexa-2.
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in neonatal and juvenile lungs (10). The simultaneous tendency
to improved gas exchange after glucocorticoid administration,
documented in the present study, may be due to its permissive
effects on local hypoxic vasoconstriction resulting in redistri-
bution of the pulmonary blood flow to the better ventilated
areas (4). Further, reduction of pulmonary edema formation
through diminished endothelial damage and vascular perme-
ability, supported by a fall in pulmonary microvascular pres-
sures, may also play a role (10, 18, 21).

Several lines of evidence suggest that inflammation with
intrapulmonary accumulation of neutrophils is intimately in-

volved in the pathogenesis of acute injury in meconium-
exposed lungs (1–3). The mechanisms that initiate the intense
pulmonary inflammation a few hours after aspiration of meco-
nium are complex and still poorly identified. Aspirated meco-

Figure 5. Dark staining apoptotic bodies (arrows) in alveolar walls in a
meconium-instilled lung with prophylactic dexamethasone treatment (Dexa-1).
(TUNEL, 3360).

Table 2. The ratio of PO2 to FiO2, and fraction of intrapulmonary shunting during 6 h after intratracheal instillation of meconium in
control (N 5 6), dexamethasone-pretreated (Dexa-1, N 5 6), and dexamethasone-treated (Dexa-2, N 5 8) neonatal piglets

Time (min)

0 15 30 60 120 180 240 360

PO2/FiO2

Control 57.0 (8.5) 7.5 (1.2) 7.5 (1.4) 6.7 (1.2) 10.4 (3.1) 14.5 (8.4) 11.6 (3.1) 13.9 (6.7)
Dexa-1 70.0 (11.5) 14.3 (8.8) 12.3 (3.9)* 15.9 (3.8)*† 33.2 (25.8) 32.7 (14.8)* 41.3 (30.5) 23.3 (9.5)
Dexa-2 65.7 (5.7) 8.8 (1.5) 10.6 (5.5) 8.1 (2.1) 26.1 (20.7) 26.0 (16.9) 18.9 (12.7) 16.5 (10.6)

Shunt fraction
Control 0.08 (0.01) 0.31 (0.08) 0.30 (0.08) 0.35 (0.08) 0.18 (0.11) 0.15 (0.09) 0.15 (0.08) 0.13 (0.08)
Dexa-1 0.13 (0.11) 0.31 (0.30) 0.27 (0.21) 0.24 (0.24) 0.10 (0.05) 0.14 (0.11) 0.08 (0.02) 0.10 (0.03)
Dexa-2 0.11 (0.06) 0.33 (0.12) 0.33 (0.21) 0.42 (0.30) 0.16 (0.15) 0.14 (0.14) 0.16 (0.19) 0.19 (0.17)

Results are expressed as the mean (SD).
* p , 0.05 vs control.
† p , 0.05 vs Dexa-2.

Table 3. Lung tissue wet/dry-ratio, injury score, and PLA2 activity
(U/L) 6 h after meconium instillation in control (N 5 6),

dexamethasone-pretreated (Dexa-1, N 5 6), and
dexamethasone-treated (Dexa-2, N 5 8) neonatal piglets. Three

piglets, ventilated for 6 h, received dexamethasone but no material
intratracheally (Dexa-3)

Wet/dry-ratio Injury score PLA2 activity

Control 6.6 (2.4) 7.3 (2.4) 0.16 (0.07)
Dexa-1 6.3 (0.2) 4.7 (2.4)*† 0.15 (0.12)
Dexa-2 6.3 (0.6) 8.0 (1.9) 0.23 (0.14)
Dexa-3 5.8 (0.1) 0 (0) 0.02 (0.01)

Results are expressed as the mean (SD).
* p 5 0.058 vs controls.
† p , 0.02 vs Dexa-2.

Figure 3. Normal looking alveolar capillaries after intratracheal meconium
administration and prophylactic dexamethasone treatment (Dexa-1). A, alveo-
lar space; C, capillary lumen. (Electron microscopy, 39700).

Figure 4. Meconium-instilled lungs with dexamethasone administration at
1 h after the insult (Dexa-2). The pulmonary vascular wall is intact, but the
alveolar epithelium is detached (*) and endoplasmic reticulum dilated. A,
alveolar space; C, capillary lumen. (Electron microscopy, 312,000).
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nium may activate lung inflammatory cells to produce cyto-
kines (22, 23), known to promote activation and synthesis of
cellular phospholipase A2 and thereby stimulate the arachi-
donic acid release and generation of proinflammatory eico-
sanoids in the lungs (24, 25). The principal anti-inflammatory
action of corticosteroids is suggested to be in their ability to
inhibit induced phospholipase A2 synthesis (24, 25). However,
even though prophylactic dexamethasone administration
tended to attenuate the inflammatory reaction in the meconium-
exposed piglet lungs in the present study, this treatment did not
reduce the lung PLA2 activity. On the other hand, we have
previously demonstrated that intrapulmonary aspirated meco-
nium challenges the lungs with high fetal pancreatic PLA2

activity and may thereby contribute to the pulmonary inflam-
matory response in meconium aspiration syndrome (15). Fur-
thermore, early glucocorticoid treatment can affect many other
steps in the inflammatory reaction, such as interruption of the

cytokine cascade and inhibition of chemotactic factors result-
ing in reduction of neutrophil margination and influx into the
lungs with simultaneous increase of the blood leukocyte count
(4, 21, 24).

Experimental meconium aspiration induces an early epithe-
lial and endothelial ultrastructural injury in neonatal lungs,
supposed to result from the intense inflammatory reaction in
the lung tissue and/or the direct toxic injury to the airway
epithelium (3, 15, 26). These early structural alterations in the
pulmonary epithelium are mainly found in the type I alveolar
epithelial cells with much less severe change in other lung
cells, commonly found also in acute damage of adult lungs
from a variety of inhaled and blood-borne toxins (18, 27, 28).
Glucocorticoids may prevent alveolocapillary injury and loss
of organ function by stabilizing cell and lysosomal membranes,
especially when given early before extensive organ damage is
reached (18, 28), as also evident from the present results. On
the other hand, the high PLA2 activity in aspirated meconium
could, through a direct effect on cell membranes or indirectly
by production of cytotoxic lipid compounds, mediate the de-
scribed ultrastructural changes in the piglet lungs (27, 28).
Very early administration of glucocorticoids could, by inhib-
iting the PLA2 action, therefore lead to improved resistance to
lung injury (4).

Apoptosis is a programmed cell death that does not result in
inflammatory tissue injury, but rather is regarded as a cell
clearance mechanism promoting resolution of inflammation
(29). Nevertheless, there is some evidence to suggest that
apoptosis may also play a role in acute lung injury. The
mechanisms of the meconium aspiration-induced pulmonary
cellular apoptosis remains undetermined, but may be associ-
ated with intrapulmonary production of cytokines, as is dem-
onstrated to occur in septic lung injury (23, 30). Experimental
administration of dexamethasone has been demonstrated to
inhibit apoptotic cell death in unstimulated mammary epithe-
lium and cytokine-induced lung epithelium (31, 32), thus
corroborating our present results. Although the clinical rele-
vance of our finding is unclear, glucocorticoids may act as
survival factors in meconium-exposed lungs, probably through
prevention of stimulated programmed cell death (23, 32).

In conclusion, the present results show that dexamethasone
pretreatment has beneficial effects on oxygenation and pulmo-
nary hemodynamics after neonatal meconium aspiration. This
treatment further protects the lungs against the meconium-
induced ultrastructural changes and, together with the early
administration, epithelial cell apoptosis. Our data thus suggest
that evaluation of the beneficial effects of dexamethasone
treatment in infants with severe meconium aspiration may be
warranted. Further studies on the possible prophylactic use of
steroids in deliveries with heavily stained amniotic fluid are
still needed.
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as controls. Mean (SEM). *p , 0.05 vs controls. **p , 0.05 vs Dexa-2.
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