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1 Postnatal mortality in isolated congenital diaphragmatic hernia (CDH) is mainly related to the
associated pulmonary hypertension (PH) and to right-to-left shunting.

2 Endothelins (ETs) are potent vasoconstrictors and pro-mitogenic peptides. Strong evidences
support their participation in CDH and in the etiology of PH via the activation of ETA receptors
(ETA-Rs).

3 Evaluation of the e�ect of ABT-627, a selective non-peptidic ETA-R antagonist, given from 715
to 210 min post-delivery (1 mg kg71 bolus +0.01 mg kg71 h71 infusion, i.v.), was conducted in the
lamb model of CDH.

4 Severity of CDH was assessed in comparison to untreated controls (n=5). Untreated CDH
lambs (n=7) had a higher mean pulmonary arterial pressure (MPAP; P50.0001), lower mean blood
pressure (MBP; P=0.0004), higher MPAP / MBP ratio (P50.0001), lower arterial pH (P50.0001),
higher paCO2 (P50.0001), lower paO2 (P50.0001) and lower post-ductal pulsatile SaO2

(P50.0001) than untreated controls.

5 Treated controls (n=7) showed a higher MPAP, lower MBP, higher MPAP/MBP ratio, lower
arterial pH, higher paCO2, lower paO2, lower post-ductal pulsatile SaO2 and lower plasmatic ir-ET
ratios compared to untreated controls (P50.0001).

6 Treated CDH lambs (n=8) showed a higher MBP (P50.0001), lower MPAP / MBP ratio
(P50.0001), higher arterial pH (P50.0001), lower paCO2 (P50.0001), higher paO2 (P=0.0228),
higher post-ductal pulsatile SaO2 (P=0.0016) and lower plasmatic ir-ET ratios (P=0.0247) when
compared to untreated CDH lambs.

7 These observations revealed that, although acute perinatal treatment with a selective non-peptidic
ETA-R antagonist had some adverse e�ects in controls, it attenuated the progressive
cardiopulmonary deterioration that occurred after birth in CDH lambs.
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Introduction

In congenital diaphragmatic hernia (CDH), there is a defect in
the diaphragm during the embryonic life and part of intra-
abdominal viscera develops into the chest cavity. Development

of the both lungs is a�ected, revealing a more or less severe,
non-uniform, pulmonary hypoplasia (Kitagawa et al., 1971;
Kent et al., 1972). Severe lung vascular changes that include
proliferation of smooth muscle cells have been found in small

pulmonary arteries at post-mortem (Levin, 1978), which may

contribute to the pulmonary hypertension (PH) found at birth
(Olivet et al., 1978; Starrett & de Lorimier, 1975). After birth,
further deterioration in the cardiopulmonary pro®le can still

occur, either pre- or post-operatively, with the occurrence of a
right-to-left shunt through the ductus arteriosus and the
foramen ovale (Murdock et al., 1971; Dibbins & Wiener,
1974; Collins et al., 1977). These elements account for the

morbidity and the mortality encountered in this disease
(Thibeault & Haney, 1998; Beresford & Shaw, 2000).
Endothelins (ETs : ET-1, -2 and -3) are a family of 21-

amino acid isopeptides (Yanagisawa et al., 1988) produced
from distinct precursors named big endothelins (big ETs : big
ET-1, -2 and -3; Inoue et al., 1989). The molecular conversion
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of these 38 ± 41 amino acid precursors is essential for the full
expression of their biological activities and dependent on
proteases called endothelin-converting enzymes (ECEs : ECE-

1a, -1b, -1c, -1d, -2a, -2b and -3; Turner et al., 1998). Once
produced and released, ETs act directly on speci®c G-protein-
coupled seven transmembrane-spanning ET receptors
(ET-Rs : ETA and ETB) to elicit their e�ects on vascular,

non-vascular smooth muscle and other types of cells (Sakurai et
al., 1992). ETA-Rs are mainly located on vascular smooth
muscle cells and mediate mostly vasoconstriction (White et al.,

1993a) and smooth muscle proliferation (Zamora et al., 1993).
ETB-Rs, present on both the vascular endothelium and smooth
muscle cells, can elicit either vasodilatation (Takayanagi et al.,

1991) or vasoconstriction (Clozel et al., 1992), respectively.
Strong evidences support the participation of ETs in the

etiology of PH. It has been demonstrated that mRNA

expression of both ET-1 and ETA-Rs is up-regulated (Stelzner
et al., 1992; Li et al., 1994) whereas mRNA expression of ETB-
Rs is down-regulated (Yorikane et al., 1993) in rat models of
idiopathic and hypoxia-induced PH. Blockade of the ET

system by ETA-R antagonists has been shown to attenuate
the development of PH in monocrotaline- and hypoxic-rats
(Bonvallet et al., 1994; Dupuis & Prie, 1999) and in hypoxic-

pigs (Holm et al., 1998). It has also been demonstrated that
chronic intrauterine PH caused by ductus arteriosus ligature in a
foetal lamb led to abnormalities of the ET system, such as a

decrease in ETB-Rs mRNA expression and in ETB-Rs-
mediated vasodilatation, associated with an enhanced ETA-
R-mediated vasoconstriction (Ivy et al., 1996; 1998). More

recently, it has been shown that prolonged blockade of the
ETB-Rs in the normal ovine foetal with BQ-788, a selective
peptidic ETB-Rs antagonist, caused PH, right ventricular
hypertrophy, elevated pulmonary vascular resistance (PVR)

and hypermuscularization of small pulmonary arteries (Ivy et
al., 2000). These evidences suggest a predominant role of ETA-
Rs in the development of PH in various animal models.

Moreover, since 1993, a number of studies have shown the
possible implication of ETs in human neonates with CDH
(Rosenberg et al., 1993; Kobayashi & Puri, 1994), in nitrofen-

induced CDH in newborn rats (Okazaki et al., 1998; Coppola
et al., 1998; Shima et al., 2000; Kavanagh et al., 2000) and in
surgically-induced diaphragmatic hernia in newborn lambs
(TheÂ baud et al., 2000).

Although the pathobiological development of CDH is not
yet fully understood, we hypothesize that ETs may play a
role, not only with regards to the PH found at birth, but also

in the subsequent cardiopulmonary deterioration that can
occur afterwards. Blockade of the ET system could prevent
the return to foetal circulation that may occur in high-risk

CDH and, consequently, constitute a novel approach of
treatment. In the present study, we investigated the e�ect of a
highly potent and selective non-peptidic ETA-R antagonist,

ABT-627 (A-147627), in a lamb model of CDH.

Methods

The current protocol has been conducted according to the
guidelines of the Canadian Council of Animal Care (CCAC)

and authorized by the local Animal Care and Use Committee at
Laval University (CPAUL; no. 98 ± 150). Ewes were obtained
from Thomas D. Morris Inc. (Reisterstown, MD, U.S.A.).

CDH animal model

Diaphragmatic hernia was induced surgically in foetal lambs

at about 90 days of gestation. The surgical technique has
been previously described by our team (de Luca et al., 1987).
Brie¯y, the foetal hemithorax was identi®ed by direct
palpation and was marsupialized to the uterine wall. A left

thoracotomy was performed on the foetus. An opening of
approximately 1 cm was made into the diaphragm through
which the stomach was pulled into the chest cavity. The

thorax was closed and gestation was allowed to continue
until near term. All ewes received ketoprofen
(2 mg kg71 day71, s.c.63 days), progesterone (50 mg ewe71

day71, i.m.67 days) and trivetrin 40/200 (0.1 ml kg71 day71,
i.m.65 days) in pre- and post-surgery.

Perinatal experimental protocol

At around 138 days of gestation (full term 145 days), foetal
lambs were delivered via caesarean section from ewes

anaesthetized with iso¯urane (1.5 ± 2%). The womb was open
and the head of the neonate lamb was exposed. To avoid
spontaneous breathing, a rubber glove containing warm

saline was immediately placed over the snout. Under local
anaesthesia (xylocaine 2%), the left carotid artery, right and
left jugular veins and trachea were cannulated. Fifteen

minutes prior clamping of the umbilical cord, all foetal
lambs received the vehicle (NaHCO3

7, 2 mmol kg71) or
ABT-627 (1 mg kg71, bolus i.v.) and a constant infusion

(5 ml kg71 h71, i.v.) of dextrose (0.5 g kg71 h71), pancuro-
nium bromide (0.1 mg kg71 h71), NaHCO3

7 (0.5 mmol
kg71 h71) and ABT-627 (0.01 mg kg71 min71 in treated
animals only). Bolus of pancuronium bromide (0.1 mg kg71)

and NaHCO3
7 (2 mmol kg71) were given i.v. to the foetus

just before delivery.
After clamping of the umbilical cord (t0), newborn lambs

were rapidly weighed, connected to a Sechrist mechanical
ventilator (Anaheim, CA, U.S.A.) and to a Hewlett Packard
Omnicare monitoring apparatus (HP54S model; Sao Paulo,

CA, U.S.A.) and wrapped in warming blankets with
continuous monitoring of temperature. An elastic band
was placed around the abdomen to avoid spontaneous
reduction of CDH (Major et al., 1995). A 4F wedge ¯ow-

directed catheter was positioned into the pulmonary artery
via the right jugular vein. The positioning of all catheters
was later con®rmed at autopsy. During the experimental

protocol, respiratory parameters were adjusted according to
arterial blood gases, to maximize gas exchanges and
pulmonary mechanics throughout the experiment while

minimizing pulmonary barotrauma (peak inspiratory pres-
sure/positive end expiratory pressure (PIP/PEEP) 430/
45 cm H2O, respiratory rate 4100 breaths min71,

FiO2=1.0). Also, NaHCO3
7 was administered as a bolus,

when necessary, to correct the base de®cit using the
following formula: mmol needed=negative base excess
(mmol l71)6body weight (kg)60.3. Newborn lambs receive

ketamine (0.1 mg kg71) and valium (5 mg) as required,
according to physiological parameters.

All the newborn lambs were divided into four age-

matched groups: untreated non-CDH (controls; C), un-
treated CDH (CDH), treated non-CDH (C+ABT-627) and
treated CDH (CDH+ABT-627). The highly potent and
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selective non-peptidic selective ETA-R antagonist, ABT-627
(A-147627; [2R, 3R, 4S]-2-(4-methoxyphenyl)-4-(1,3-benzo-
dioxol-5-yl)-1-[[N,N-dibutylamino)-carboxyl] methyl] pyrroli-

dine-3-carboxylic acid; IC50=0.034 nM for ETA-Rs and
63.3 nM for ETB-Rs; 1861 fold more selective for ETA-Rs;
Winn et al., 1996; Chen et al., 1997; Liu et al., 1998), was
synthesized at Abbott Laboratories Inc. (Abbott Park, IL,

U.S.A.).

Experimental measurements

Physiological parameters were continuously monitored using
a HP Omnicare apparatus. Cardiovascular parameters

(systemic, wedge and pulmonary arterial blood pressures),
respiratory functions (respiratory compliance (CR), ventila-
tory index (VI)), arterial and venous blood gases and post-

ductal pulsatile saturation were recorded serially until death
or sacri®ce at 210 min post-delivery.
Measurement of physiological shunt was performed using

arterial and venous blood gases (PCO2, PO2, SO2, Hb),

expiratory volume and oxygen consumption measurements
(Fournier & Major, 1981). CR was calculated by least mean
square analysis of the tracheal pressure, air¯ow and volume

data. Air¯ow was measured using a pneumotachometer
(Fleisch no. 0) positioned between the ventilator and a 3.5F
endotracheal tube. Respiratory pressure was recorded with a

Validyne M-45 transducer (Validyne Engineering Corpora-
tion; Northridge, CA, U.S.A.). VI was calculated using the
following equation: mean airway pressure (MAWP)6res-

piratory frequency, where MAWP=[(inspiratory time6PIP)
+(expiratory time6PEEP)]/(inspiratory time+expiratory
time) (Marinelli, 1981). At 60 and 120 min, cardiac output
(CO) was obtained by the Fick method and PVR was

calculated using standard equation (Mark et al., 2000). At
the end of the experiment, lungs were weighed for the
calculation of lung indexes (lungs' wet weight over body's

weight6100).

Biochemical analysis

Plasmas were obtained at t715, t+30, t+60, t+90, t+120, t+150,
t+180 and t+210 from neonatal lambs. Each ml of blood
collected in EDTA Vacutainer (Becton Dickinson; Franklin

Lakes, NJ, U.S.A.) was replaced by 3 ml of sterile lactate
Ringer solution to avoid hypovolemia. Samples were then
centrifuged (12,0006g for 6 min at 48C) and stored

immediately at 7768C until assayed for the measurements
of immunoreactive-endothelins (ir-ETs).
Non-polar extraction of ir-ETs was obtained by applying

500 ul of plasma into a 500 mg C2 ethyl Sep-Pak cartridge
(Amprep RPN 1913; Amersham Life Science, Arlington
Heights, IL, U.S.A.). Columns were equilibrated with 2 ml of

methanol followed by 2 ml of distilled water. Plasmas were
applied on column and washed with 5 ml of 0.1%
tri¯uoroacetic acid. The e�uent was collected with 2 ml of
80% acetonitrile and dried using a centrifugal evaporator

(speed-vac apparatus; Savant Instruments Inc., Holbrook,
NY, U.S.A.). Plasmatic ir-ETs levels were determined by
radioimmunoassay according to the guidelines of the

company (Amerlex RPA 555; Amersham Life Science,
Arlington Heights, IL, U.S.A.). Determination of radio-
activity was performed using a gamma scintillation counter

(60 s; Cobra II, Auto-Gamma counter, Packard Instument
Corporation, Meriden, CT, U.S.A.). The detection limit of
the assay was 0.5 fmol tube71. ET-1 antiserum cross-reacted

with ET-1 (100%), ET-2 (144%), ET-3 (52%), but not with
big ET-1 (0.4%) or other peptides. The ®nal amount of ir-
ETs for each aliquot was expressed in pg ml71. Plasmatic ir-
ETs levels were expressed as a ratio: value at a given time/

value at 15 min before birth (before starting treatment in all
groups).

Statistical analyses

All results are expressed as mean+s.e.m. For most of the

parameters, since multiple measurements were obtained on
the same experiment, comparisons between groups were made
using analyses of repeated measurements (SUDAAN soft-

ware; Research Triangle Park, Durham, NC, U.S.A.).
Models that were obtained are presented in Table 2 and in
Figures 1 ± 4. Satterwaite P-value was used for these
statistical analyses. For lung index, CO and PVR, the non-

parametric Wilcoxon statistical test comparing each group
was used. Wilcoxon score tests were performed with SAS
software and the exact two-tail P-value was used. Statistical

signi®cance was established at P50.05.

Results

Following in utero surgery, 15 CDH lambs were obtained. In

seven other lambs, the surgically-induced hole in the
diaphragm got blocked and no CDH was found at post-
mortem examination. These lambs were pooled together with
®ve untouched twins to constitute the non-CDH group

(controls; C). Therefore, the 27 newborn lambs used in this
experiment were divided as follows: C (n=5), CDH (n=7),
C+ABT-627 (n=7) and CDH+ABT-627 (n=8).

All CDH lambs had huge hernia with most part of the
rumen, the small bowel and the colon inside the thorax.
Lungs were hypoplastics and much smaller than the chest

cavity (Table 1). The communication between the thorax and
the abdomen was unrestrained in all CDH lambs whereas the
hernia seemed partially reduced in some of them.
All untreated and treated control lambs survived the entire

210 min protocol, except one that was sacri®ced at 90 min
for technical reasons. In comparison, 4/7 (57%) of untreated
CDH animals survived the entire experiment versus 5/8

(63%) for the treated CDH group. The demise in both
groups was due to progressive cardiopulmonary deteriora-
tion. There was no di�erence in overall survival time between

untreated and treated CDH animals (Table 1).
Statistical equations comparing untreated controls and

CDH lambs for various parameters are reported in Table 2.

Cardiovascular parameters

Mean pulmonary arterial pressure (MPAP), mean blood

pressure (MBP) and MPAP/MBP ratio (Figure
1a,f) MPAP and MPAP/MBP ratio were both signi®cantly
higher in untreated CDH group than in untreated control

animals (P50.0001). At 30 min, untreated CDH lambs
presented a similar MBP than untreated control lambs.
Then, MBP decreased and remained signi®cantly lower in
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untreated CDH compared to untreated control lambs until
the end at 210 min (P=0.0004).

Treatment of control lambs signi®cantly increased MPAP,
lowered MBP and increased MPAP / MBP ratio compared
to untreated control animals (P50.0001). Treated CDH
animals had a signi®cantly higher MBP and a signi®cantly

lower MPAP/MBP ratio than untreated CDH newborn
lambs (P50.0001). Although no statistical di�erences were
observed between these two groups regarding MPAP, a

continuous decrease in MPAP, that reached 36% at
210 min, was observed in treated CDH lambs throughout
the experiment.

Physiological shunt Untreated control newborn lambs
presented a stable physiological shunt around 30% for

all the protocol. In the untreated CDH group, physiolo-
gical shunt was increased at 30 min and further increased
from 180 min up to the end by 54%. Thus, physiological
shunt remained higher in untreated CDH lambs than in

untreated controls all over the experiment (P50.0001;
Table 2).

Treated control lambs presented a higher physiological

shunt at 30 min, which stayed higher, compared to untreated
controls for all the remaining of the experiment
(44+21xC+ABT7627 7 0.11xtime; P50.0001). When regard-

Figure 1 Postnatal evolution of mean pulmonary arterial pressure (MPAP), mean blood pressure (MBP) and MPAP/MBP ratio in
all untreated and treated groups.
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ing untreated and treated CDH lambs, no statistical
di�erence was observed in physiological shunt.

Cardiac output (CO) and pulmonary vascular resistance
(PVR) No statistical di�erence was observed when compar-
ing CO at 60 and 120 min for all untreated and treated groups.
Similarly, PVR at 60 and 120 min was not statistically di�erent

between all four groups (data not shown).

Respiratory functions

Respiratory compliance (CR) In the untreated control
group, CR increased steadily along time. Untreated CDH

lambs showed a signi®cantly lower CR compared to
untreated controls all over the experiment (P50.0001; Table
2).

Treatment signi®cantly lowered CR in controls compared
to untreated control lambs (0.41 ± 0.10xC+ABT7627;
P=0.0004). CR was not statistically di�erent between treated
and untreated CDH lambs for all the experiment.

Ventilatory index (VI) In the untreated control group, a 1.9
fold decrease was observed for VI from birth to 210 min

post-delivery. Untreated CDH lambs showed a signi®cantly
higher VI than untreated controls all over the experiment
(P50.0001; Table 2).
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Figure 2 Arterial blood gases pro®le analyses in all untreated and treated age-matched controls (C) and CDH newborn lambs.
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There was no statistical di�erence in VI between untreated
and treated control lambs. VI was also not statistically

di�erent between untreated and treated CDH lambs all over
the experiment.
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Figure 3 Measurement of post-ductal pulsatile SaO2 in all untreated and treated age-matched controls (C) and CDH newborn
lambs.

Figure 4 Relative immunoreactive endothelin (ir-ET) ratios in plasma from newborn age-matched controls (C) and CDH lambs,
treated or not with an antagonist of ETA-Rs.

Table 1 Lung indexes and survival time in the four groups of newborn lambs

Groups Lung indexes (%) n Survival time (min) n

C 2.42+0.08 3a 210+0 5
C+ABT-627 2.97+0.22 7 210+0 6c

CDH 1.46+0.17* 6b 177+25 7
CDH+ABT-627 1.53+0.13** 8 187+12 8

*P=0.0061 compared to untreated controls; **P=0.007 compared to untreated controls; atwo animals were used after 210 min for
liquid ventilation; bone lung was not weighed; cone animal was sacri®ced for technical reasons.
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Arterial blood gases

pH, paCO2 and paO2 (Figure 2a,f) In untreated control
group, pH and paCO2 remained stable for the entire 210 min

whereas paO2 rose from 50 to 150 mmHg at the end of
experiment. Untreated CDH animals presented a lower pH,
higher paCO2 and lower paO2 than untreated controls over

time (P50.0001).
Treated control animals presented a lower pH, higher

paCO2 and lower paO2 than untreated control lambs
(P50.0001). In CDH lambs, treatment caused a signi®cant

increase in pH (P50.0001), decrease in paCO2 (P50.0001)
and increase in paO2 (P=0.0228) compared to untreated
CDH animals over time.

Arterial post-ductal saturation

Post-ductal pulsatile SaO2 (Figure 3a,b) In untreated
control group, post-ductal pulsatile SaO2 stayed stable for
the entire 210 min. Untreated CDH animals presented a

steadily lower post-ductal pulsatile SaO2 than untreated
controls over time (P50.0001).
Treated control animals presented a lower post-ductal

pulsatile SaO2 than untreated control lambs (P50.0001).

When regarding CDH lambs, treatment caused a signi®cant
increase in post-ductal pulsatile SaO2 (P=0.0016) compared
to untreated CDH animals over time.

Biochemical analysis

Plasmatic immunoreactive endothelin ratios (ir-ET ratios;
Figure 4a,b) In the untreated control group, plasmatic ir-
ET ratios remained stable during all the experiment.
Plasmatic ir-ET ratios were stable during the ®rst 90 min in

untreated CDH, followed by a 2 fold increase at 210 min.
Treated control animals presented a lower plasmatic ir-ET

ratios compared to untreated control lambs (P50.0001).

Treated CDH animals also showed a lower plasmatic ir-ET
ratios compared to untreated CDH lambs (P=0.0247).

Discussion

When compared to untreated age-matched controls, un-
treated lambs with CDH presented the following pattern at
30 min: (1) higher MPAP and MPAP/MBP ratio; (2) higher
physiological shunt; (3) lower CR; (4) lower arterial pH; (5)

higher paCO2 and (6) lower post-ductal pulsatile SaO2. In

spite of optimal resuscitation procedures, further deteriora-
tion occurred in untreated CDH lambs during the period of
observation: (1) MBP decreased whereas MPAP and MPAP/

MBP ratio increased; (2) physiological shunt increased; (3)
post-ductal pulsatile SaO2 decreased and (4) plasmatic ir-ET
ratios increased sharply.

Haemodynamic and biochemical disturbances observed at
birth in untreated CDH animals can be explained by the
severe pulmonary hypoplasia of the both lungs con®rmed at
post-mortem. Since the vascular cross-sectional area is

reduced, PVR is increased (Poiseuille law). Decrease in
MBP and increases in MPAP/MBP ratio and in plasmatic
ETs ratios occurred over time. Although the drop in MBP

remain unexplained, the elevated circulating ET levels may
have been induced by shearing forces within the pulmonary
vascular bed (Kuchan & Frangos, 1993), or may be

attributed to reduced pulmonary clearance by hypoplastic
lungs as observed in other diseases associated with
pulmonary hypertensive states of various aetiologies (Dupuis

et al., 1998). Under normal conditions, a balance between
vasoconstrictors, such as ETs, and vasodilators regulates
vascular homeostasis (Furchgott & Vanhoutte, 1989). How-
ever, an imbalance seems to appear in CDH lambs where

ETs may act excessively on ETA-Rs, triggering the right-to-
left shunt through the ductus arteriosus and/or the foramen
ovale. Noticeably, ETA-Rs mRNA expression is up-regulated

in nitrofen-induced CDH newborn rats (Okazaki et al., 1998;
Shima et al., 2000).
The severity of the diaphragmatic hernia was similar in

both untreated and treated CDH groups, as assessed by lung
indexes (Table 1) and by cardiovascular parameters,
pulmonary function and arterial blood gases values at birth
(Table 2; Figures 1, 2 and 3). Treatment with the selective

non-peptidic ETA-R antagonist improved the overall cardi-
opulmonary pro®le of CDH animals over time: (1) higher
MBP and lower MPAP/MBP ratio; (2) higher arterial pH; (3)

lower paCO2; (4) higher paO2; (5) higher post-ductal pulsatile
SaO2 and (6) lower plasmatic ir-ET ratios.
Noticeably, contrary to what was observed in untreated

CDH lambs, MBP remained stable in the treated group. The
MPAP was no longer equal nor higher than MBP but rather
slowly decreased even though it did not reach statistical

signi®cance. This resulted in a signi®cantly lower MPAP/
MBP ratio, suggesting that the right-to-left shunting was less
important. The ventilation-perfusion was then improved,
which explains that even though no direct bene®cial e�ect

Table 2 Statistical equations comparing treated control animals and CDH newborn lambs

Parameters Statistical equations Respective P-value

MPAP (mmHg) 38+22xCDH+23xCDH+ABT-62770.06xtime 50.0001, 50.0001, 50.0001
MBP (mmHg) 7277xCDH+4xCDH+ABT-62770.06xtime 0.0004, 0.0304, 0.0426
MPAP/MBP ratio 0.47+0.50xCDH+0.32xCDH+ABT-627 50.0001, 50.0001
Physiological shunt (%) 32+34xCDH+30xCDH+ABT-627 50.0001, 50.0001
CR (ml cmH2O

71 kg71) 0.4070.24xCDH70.25xCDH+ABT-627 50.0001, 50.0001
VI (MAWP x RF) 997+239xCDH+258xCDH+ABT-627 50.0001, 50.0001
pH 7.4670.47xCDH70.37xCDH+ABT-627 50.0001, 50.0001
paCO2 (mmHg) 40+73xCDH+60xCDH+ABT-62770.09xtime 50.0001, 50.0001, 0.0087
paO2 (mmHg) 1457109xCDH7101xCDH+ABT-627 50.0001, 50.0001
Post-ductal pulsatile SaO2(%) 96743xCDH735xCDH+ABT-627 50.0001, 50.0001
Plasmatic ir-ET ratios 1.33+0.28xCDH70.03xCDH+ABT-627 NS, NS
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was measured on PVR, blood gases exchanges were improved
in treated CDH lambs. These e�ects of the treatment may be
direct, by blocking the vasoconstriction e�ect of ETs, but

also indirect since it has been reported that ETA-R blockade
improves nitric oxide (NO) mediated vasodilation in rats with
monocrotaline-induced PH (Prie et al., 1998).
However, the treatment did not completely reverse the

elevated MPAP nor reduced the MPAP/MBP ratio back to
values observed in untreated controls. We tested one dose in
a very complex model involving numerous variables. First,

one may consider that a higher dose may be more e�ective
over this short period of time or a long-term treatment may
prove to be more bene®cial (pre- or postnatal). Secondly, one

may also suggest the participation of ETB-Rs in the
pathophysiological response. It is established that both ET-
R subtypes are involved in mediating vascular smooth muscle

cells contractions (White et al., 1993a; Cardell et al., 1992).
However, there is no evidence that suggest the presence of
vasocontractile ETB-Rs in the newborn lamb pulmonary
vasculature. In the adult lambs, like in the human pulmonary

artery, ETA-R subtypes are dominant in this vascular bed
(Toga et al., 1991; Fukuroda et al., 1994). Therefore, we
believe that treatment with a selective ETB-R antagonist

would prove to be ine�ective unless this population of
receptors would be located on smooth muscle cells and up-
regulated in CDH. Even then, ETB-R antagonism may rather

enhance pulmonary artery contraction and PVR by reducing
the release of endothelial-derived vasodilators. To that e�ect,
prolonged ETB-R blockade was shown to elevate PVR and

cause PH in the ovine foetus (Ivy et al., 2000).
The stability in circulating levels of ir-ETs that we

observed in treated CDH animals might be attributed to
the e�ect of circulating ETs on endothelial ETB-Rs which are

associated to the release of NO and prostacyclin, two
vasodilators (Tsukahara et al., 1994; White et al., 1993b).
Both mediators have been reported to subsequently down-

regulate the expression, production and response of ET
isopeptides (Kourembanas et al., 1993; Prins et al., 1994) and
therefore explain the unvaried plasmatic ir-ETs ratios in

treated CDH lambs.

Treatment with the selective non-peptidic ETA-R antago-
nist seemed to adversely a�ect the cardiopulmonary pro®le of
control newborn lambs. When compared to untreated

controls, treated control lambs have shown: (1) higher
MPAP, lower MBP and higher MPAP/MBP ratio; (2) higher
physiological shunt; (3) lower CR; (4) lower arterial pH; (5)
higher paCO2; (6) lower paO2; (7) lower post-ductal pulsatile

SaO2 and (8) lower plasmatic ir-ET ratios.
Treatment a�ected the normotensive homeostasis of

control newborn lambs. These observations may also be

attributed to the premature opening of the normal pulmonary
vascular bed, thus causing a harmful imbalance in healthy
non-CDH newborn lambs. It has been reported that ET-1 is

a very potent contractile agent on isolated ductus arteriosus
preparations from mature foetal lambs, suggesting a role in
the closure at birth (Coceani et al., 1989). By treating control

lambs, we may interfere with the natural process of closure
and observed side-e�ects of the drug in normotensive animals
at birth. Moreover, transition to extra-uterine air breathing
and regulation of the pulmonary vascular tone is regulated by

a complex interactive group of mechanisms (Heymann, 1999).
In summary, short-term acute treatment with a selective

non-peptidic ETA-R antagonist statistically improved MPAP/

MBP ratio and blood gas exchanges in acute experiments on
unreduced CDH lambs. Such experimental observations, even
though preliminary, may bear clinical relevance and open the

way to new investigations. A prophylactic treatment with this
ETA-R antagonist given in utero during the last trimester of
gestation, aimed at attenuating the pulmonary vascular

remodelling, could lead to clinically relevant applications.
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