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ABSTRACT. We investigated the effect of aerosolized
cromolyn sodium (CS) on the pulmonary vascular response
to isocapneic alveolar hypoxia in chronically instrumented
lambs aged 11-12 days. Each lamb underwent two opera-
tions: chest instrumentation for measurements of pulmo-
nary arterial, systemic arterial, and left atrial pressures,
and pulmonary blood flow; and a tracheotomy for ‘drug
administration. The animals were recovered 3 days before
study. Each lamb received an aerosol of normal saline
(placebo) and CS in paired experiments 24 h apart. In the
first set of experiments (n = 8), placebo or CS (30 mg)
was given, followed by four 15-min epochs of alveolar
hypoxia (8% O, 5% CO., 87% N,) each separated by 30
min of alveolar normoxia (21% O,). During hypoxia after
both placebo and CS, pulmonary arterial pressure and
resistance increased. This response was unchanged with
repeated epochs. In the second set of experiments (n = 8),
normal saline or CS (30 mg) was administered three times
over a 90-min period, followed by one 15-min epoch of
hypoxia. Pulmonary arterial pressure and resistance in-
creased during hypoxia after placebo, but did not change
after CS. Thus, the single dose of aerosolized CS did not
alter the pulmonary vascular response to alveolar hypoxia,
whereas the triple dose of CS attenuated the response.
Additionally, the pulmonary vascular response to hypoxia
alone was not altered by repeated exposures to hypoxia.
We conclude that CS interferes with the mechanism(s)
responsible for hypoxic pulmonary vasoconstriction in new-
born lambs. (Pediatr Res 23: 513-518, 1988)

Abbreviations
HPYV, hypoxic pulmbnary vasoconstriction
CS, cromolyn sodium :

Alveolar hypoxia elicits pulmonary vasoconstriction by mech-
anisms which remain unknown (1, 2). HPV does not require
systemic humoral or neural input and is therefore intrinsic to
the lung, but varies widely between species (1, 2). Elaboration of
chemical mediators after degranulation of pulmonary mast cells
during hypoxia has been implicated as a possible etiology for the
pulmonary vasoconstriction observed in rats (3) and sheep (4).
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Other studies have refuted the importance of mast cells in the
pulmonary pressor response to hypoxia in cats (5), mast cell-
deficient mice (6), and rats (7). Despite these interspecies differ-
ences, a contributing role for mast cells in HPV remains an
attractive hypothesis because of the strategic perivascular location
of these calls in the lung (3, 4, 8), and the variety of vasoactive
mediators contained within them (9).

CS is a known inhibitor of mast cell degranulation and when
administered intravenously, has been shown to inhibit or modify
HPYV in adult sheep (4), dogs (10, 11), and newborn lambs (12).
Administration of CS by aerosolization directly into the airways
would provide an alternative route of delivery and might offer a
more efficient means of locally depositing the drug. Partial
blockade of HPV has been demonstrated in adult sheep after
treatment with aerosolized CS (13). The purpose herein was to
investigate the effect of aerosolized CS on the pulmonary vascular
response to repeated epochs of isocapneic alveolar hypoxia in
newborn lambs.

METHODS

Sixteen lambs (4.6 + 1.3 kg), 11-12 days of age, were used for
these experiments. Each lamb was separated from its ewe at 3
days of age in preparation for surgery and housed in a plexiglass
cage (3 X 4 ft) with continuous access to an artificial lamb’s milk
diet (Lamb Milk Replacer, Land O’Lakes, Inc., Fort Dodge, IA).
The animals were allowed to acclimate to the laboratory envi-
ronment before surgery. Animals of both sexes were used and all
were. feeding well, gaining weight, and had normal physical
examinations and rectal temperatures at the time of study.

Each lamb underwent two operations before study. For sur-
gery, each animal was given atropine sulfate (0.05 mg/kg sub-
cutaneously) and the trachea was intubated with a cuffed endo-
tracheal tube. Anesthesia was maintained by ventilating the lungs
with 2.0-3.0% isoflurane (Forane) in oxygen and nitrous oxide
(3:1). Each animal’s electrocardiogram and rectal temperature
were monitored during surgery and body temperature was main-
tained near 39° C with a heating pad.

The first operation was done at 8 days of age. A midline
sternotomy was performed to expose the heart and great vessels.
The pericardium was incised and a precalibrated electromagnetic
flow transducer (SP 7515, ID 9.0-10.0 mm, Gould-Statham,
Inc., Oxnard, CA) was placed around the main pulmonary artery
to measure pulmonary blood flow. Polyvinyl chloride catheters
treated with TDMAC heparin complex (5%) (Polysciences Inc.,
Warrington, PA) were inserted into the main pulmonary artery
(distal to the flow transducer), ascending aorta, and right and left
atrial appendages to measure pulmonary and systemic arterial
and left atrial pressures. The right atrial catheter was used to
infuse fluids during surgery. All catheters and the flow transducer
cable were tunneled subcutaneously and were exteriorized on
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the lamb’s back. A daily intramuscular dose of procaine penicillin
G (100,000 U/kg) and gentamicin sulfate (2 mg/kg) was admin-
istered before surgery and each day postoperatively. Buprenor-
phine hydrochloride (Buprenex) (0.01 mg/kg) was administered
intramuscularly as an analgesic every 12 h postoperatively if
needed for pain. Animals generally required only one dose and
were routinely active and eating within 12 h of surgery. No
analgesia was administered within 24 h of an experiment.

The second operation was done at 10 days of age and consisted
of a tracheotomy for placement of a fenestrated tracheostomy
tube (Shiley Inc., Irvine, CA). We chose to separate the surgical
procedures because of an observed increase in morbidity (atelec-
tasis, respiratory distress) when the sternotomy and tracheotomy
were performed at the same time. The tracheostomy tube allowed
the animal to breathe through the opening of the tube only (cuff
inflated, inner cannula in place) or entirely through its upper
airway (cuff inflated, decannulation cannula in place). After
surgery, the decannulation cannula was inserted into the trache-
ostomy tube so that air flow during tidal respiration was through
the upper airway. The animals were recovered an additional 24
h after this procedure before they were studied.

For study, each animal was secured in a sling and placed in a
soundproof chamber with light and temperature control. The
vascular catheters were connected to strain gauge manometers
(Statham P23ID) using rigid pressure monitoring tubing. The
height of the manometers was adjusted to place them at the level
of the heart and the flow transducer cable was connected to a
flow meter (Statham SP 2202). During a study, pulmonary blood
flow, and pulmonary and systemic arterial and left atrial pres-
sures were monitored continuously on a Grass model 7 polygraph
recorder (Grass Medical Instruments, Quincy, MA). Zero refer-
ences of hemodynamic measurements were made before the start
of each experiment, then repeated once during the experiment
and once at the conclusion of the study. The flow transducer
output was adjusted so that end-diastolic flow was at zero. This
position was checked before each measurement of pulmonary
blood flow. Pulmonary vascular resistance was calculated as the
difference between the mean pulmonary artery pressure and
mean left atrial pressure divided by the pulmonary blood flow
(corrected for body weight). Systemic vascular resistance was
calculated in a similar manner: mean systemic arterial pressure
divided by pulmonary blood flow.

Eight lambs were studied in the first set of experiments de-
signed to determine /) whether the pulmonary vascular response
to alveolar hypoxia is altered by pretreatment with one dose of
aerosolized CS and 2) if the pulmonary vascular response to
hypoxia is altered over time with repeated exposure to hypoxia.
After baseline cardiovascular measurements were made, the in-
ner cannula was inserted into the tracheostomy tube and attached
via a T-piece to an ultrasonic nebulizer (Pulmosonics, DeVilbiss
Co., Somerset PA). A single aerosol treatment using CS (30 mg)
(Intal 10 mg/ml], Fison’s Corp., Bedford, MA) or an equal volume
of normal saline (0.9%) was administered over a 10-min period.
The inner cannula was removed and the decannulation tube was
reinserted into the tracheostomy so that the lamb could breathe
through its upper airway. After a 15-min recovery period, hy-
poxia was introduced by flowing a gas mixture of 8% O, 5%
CO,, and 87% N, into a bag placed over the animal’s head and
secured to a gas-tight fit. The fraction of inspired oxygen was
measured using an oxygen analyzer (model 0250, Salter Instru-
mentation, Arvin, CA) positioned inside the bag at the level of
the animal’s snout. End-tidal CO, was not measured in all
animals, but was checked during several studies using a medical
gas analyzer (LB-2; SensorMedics, Anaheim, CA) positioned
inside the bag. Flow rates necessary to achieve this mixture varied
slightly from animal to animal, but usually required 4.0-4.5
liter/min 12% O,, 5% CQO,, and 1.5 liter/min N,. After 15 min
of hypoxia, the gas mixture was switched to 21% O, and the
animal was allowed to recover for 30 min. A second epoch of
hypoxia was induced in the same manner, followed by a 30-min
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recovery period. A total of four epochs of alveolar hypoxia were
studied in each animal. Cardiovascular measurements were re-
corded 15 min after the aerosol treatment, at the end of each
epoch of hypoxia, and after each recovery period. Arterial blood
gas samples were drawn from the systemic arterial catheter at
baseline, 15. min after the aerosol delivery, after 15 min of
hypoxia, and after 30 min of recovery. Each animal was studied
twice; once after an aerosol of normal saline (placebo) and once
after an aerosol of CS. These paired experiments were separated
by 24 h and the sequence of placebo and CS was alternated
between animals. :

Eight animals were studied in the second set of experiments
designed to determine whether the pulmonary vascular response
to hypoxia is altered by pretreatment with three consecutive
aerosol doses of CS. After baseline measurements were made,
three 30 mg aerosol treatments of CS or placebo (3 ml) were
administered as previously described at 30-min intervals. After
the 90-min drug administration period, alveolar hypoxia was
induced for 15 min. Cardiovascular measurements were recorded
15 min after each aerosol treatment, at the end of hypoxia, and
30 min after recovery. Arterial blood gas samples were obtained
at baseline, after each aerosol treatment, after 15 min of hypoxia,
and after 30 min of recovery. Each animal was studied twice,
once after treatment with placebo and once after treatment with
CS, separated by a 24-h period.

Data are expressed as mean = 1 SD. A one-way analysis of
variance for repeated measures was used to compare within
treatment group measurements to determine if pretreatment with
CS altered the cardiovascular response to hypoxia and to deter-
mine if the cardiovascular response to alveolar hypoxia changed
with repeated exposure to hypoxia (14). Separate analyses were
performed for each set of experiments. Data points included in
the analysis were baseline and postaerosol values, measurements
after each 15-min epoch of hypoxia and each 30-min recovery
period. If a significant difference was found, a Newman-Keuls
multiple range test was performed to determine which means
were statistically different. Significance was assigned at p = 0.05
for all statistical tests.

RESULTS

Changes in arterial blood gases and pH during the single dose
aerosol study are summarized in Table 1. Both the control and
CS groups exhibited a significant decrease in PaO, from baseline
during hypoxia. Arterial pH and PaCO, were not altered after
aerosol delivery of either compound or during any of the hypoxia
epochs. Blood gas values followed an identical pattern in the
triple dose aerosol study with only the PaO, changing signifi-
cantly during hypoxia (Table 2).

The hemodynamic changes that occurred during the single
dose aerosol study are summarized in Table 3. Pulmonary arte-
rial pressure rose significantly (p < 0.05) during all hypoxia
epochs after both placebo and CS aerosols (31 and 35% during

Table 1. Arterial blood gases and pH during alveolar normoxia
and hypoxia epochs after single dose of CS or saline*

Baseline  Postaerosol Hypoxia 1 Hypoxia 4

Saline control

pH 7.42 £0.06 7.39 = 0.05 7.40 = 0.08 7.40 = 0.04

PaO, 72 £ 10 73+9 37 =210t 35 13}

PaCO, 43+ 6 46 £ 5 47+ 6 46+ 6
Cromolyn sodium

pH 7.44 +£0.04 7.41 +£0.03 7.39 £ 0.06 7.42 + 0.07

PaO, 69 + 13 73+9 32+ 9t 34+ 117

PaCO, 45+ 5 47+ 5 46 + 6 43+ 6

* Data are means = 1 SD for n = 8 and are corrected to the animal’s
body temperature.
1 p < 0.05 from baseline.
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the Ist epoch and 37 and 32% during the 4th epoch, respectively).
Pulmonary vascular resistance also increased significantly from
baseline (p < 0.05) during all epochs of hypoxia after both
placebo and CS aerosols (58 and 42% during the st epoch and
75 and 42% during the 4th epoch, respectively). No significant
differences were detected in either the pulmonary vascular re-
sponse to hypoxia between control and CS groups or between

Table 2. Arterial blood gases and pH during alveolar normoxia
and hypoxia after triple dose of CS or saline*

Baseline Post 3rd aerosol Hypoxia

Saline control

pH 7.40 £ 0.03 7.36 £ 0.04 7.36 £ 0.04

PaO, 76 £ 8 74 £ 8 31 + 6t

PaCO, 405 4+6 43+ 4
Cromolyn sodium

pH 7.41 £0.04 7.41 +£0.03 7.40 £ 0.03

PaO, 746 77+6 34 + 9t

PaCO, 403 42 +4 42 +4

* Data are means + 1 SD for 7 = 8 and are corrected to the animal’s
body temperature.
1 p < 0.05 from baseline.
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hypoxia epochs within the same group. Other cardiovascular
variables were not significantly altered during the study.

Hemodynamic alterations during the triple dose study are
summarized in Table 4. Pulmonary arterial pressure increased
53% from baseline during hypoxia (p < 0.01) after placebo
treatment and only 13% after CS treatment. Pulmonary vascular
resistance increased from baseline during hypoxia after placebo
(p <0.05), but did not change significantly after CS. The increase
in pulmonary vascular resistance during hypoxia after placebo
was more (101%) than that after CS (32%; p < 0.005 comparing
mean values). No other cardiovascular variables were signifi-
cantly altered during the study.

Figure 1 illustrates the changes in pulmonary arterial pressure
and pulmonary vascular resistance during alveolar hypoxia in
both the single and triple dose studies. No difference was detected
in the response after a single (30 mg) dose of CS, but the
pulmonary vascular response to hypoxia was blunted after three
30-mg doses of CS. Although there appears to be enhancement
of hypoxic pulmonary vasoconstriction between the 1st and 4th
hypoxia epochs during the single dose study, the difference was
not statistically significant.

During all hypoxia epochs in the single dose study, pulmonary
vascular changes occurred within 1 min of the onset of hypoxia
and were sustained throughout the 15-min experimental period.
Hemodynamic measurements rapidly returned to baseline levels

Table 3. Hemodynamic variables during alveolar normoxia and hypoxia epochs after single dose of CS or normal saline*

Normal saline (O
Baseline Hypoxia 1 Hypoxia 4 Baseline Hypoxia 1 Hypoxia 4
Cardiac output (ml-kg™"'-min™") 299 + 62 289 + 65 277 + 33 270 £ 65 274 £ 67 295 + 64
Heart rate (bpm) 203 £ 25 255 + 36 239 £ 45 218 £ 49 260 + 50 233 £ 69
Stroke volume (ml-kg™") 1.5+£0.2 1.2+0.3 1.2+03 1.3+£0.3 1.1+0.3 1.1+02
Pulmonary arterial pressure (mm 22+3 27 + 5% 29 = 5% 23+4 30 + 4t 30 £ 5%
Hpg)
Left atrial pressure (mm Hg) 72 5+3 64 72 8+3 73
Pulmonary vascular resistance 5217 75 £ 23% 85 + 28} 61+ 14 84 + 25¢ 79 + 14t
(mm Hg.liter™'-kg™" - min™")
Systemic arterial pressure (mam 74 £ 8 71+8 68 +9 756 75+6 71+8
Hg)
Systemic vascular resistance (mm 255 £ 58 257 + 58 251 £ 52 280 + 50 282 £ 65 267 £ 68

Hg-liter ' . kg™ -min™")

* Data are mean + 1 SD; n = 8; hypoxia = 8% O, 5% CO., 87% N..
tp < 0.05 from baseline.

Table 4. Hemodynamic variables during alveolar normoxia and hypoxia after triple dose of CS or normal saline*

Normal saline Cs
Baseline Post 3rd aerosol Hypoxia Baseline Post 3rd aerosol Hypoxia
Cardiac output (ml-kg™'-min™") 252 £ 52 252 + 60 261 + 48 246 £ 56 231 £ 57 254 £ 71
Heart rate (bpm) 199 + 29 187 = 31 237 £ 39 193 £ 41 200 + 28 227 £ 22
Stroke volume (ml-kg™") 1.3+0.3 1.3+0.3 1.1+0.3 14+0.5 1.2+0.2 1.2+0.3
Pulmonary arterial pressure 20+ 7 219 29 + 8%+t 22+6 20+7 24+5
(mm Hg)
Left atrial pressure (mm Hg) 62 S5+2 5+2 72 63 63
Pulmonary vascular resistance 66 = 41 64 £ 41 106 + 46§ 60 %+ 19 61 +29 73 £25
(mm Hg.liter™'-kg™' - min~")
Systemic arterial pressure (mm 74 £ 8 75+£9 64+ 11 729 73+ 11 68 + 12
Hg)
Systemic vascular resistance 304 £ 71 311+ 83 250 + 38 321 +£120 342 + 120 285+ 111

(mm Hg-liter™'-kg™!.min™")

* Data are means 3 1 SD; n = 8; hypoxia = 8% O,, 5% CO,, 87% N..
+p < 0.01 from baseline.

fp < 0.05 from CS during hypoxia.

§ p < 0.05 from baseline.

Il » <0.01 from CS during hypoxia.
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during the recovery periods. The administration of CS did not
alter the time course of the changes during hypoxia. Figure 2
illustrates the timing of these changes in pulmonary and systemic
arterial pressure and pulmonary blood flow in one lamb. Inter-
estingly, return of pulmonary arterial pressure toward baseline
appears to be delayed during recovery after CS in this animal,
but this observation was not a consistent finding. During the
triple dose study, CS blunted the initial rise in pulmonary arterial
pressure during hypoxia, a finding that was sustained throughout
the epoch (Table 5). Because of interanimal variability, the
calculated pulmonary vascular resistance during hypoxia after
placebo did not become statistically significant until the 10-min
measurement.
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Fig. 1. Percent change in pulmonary arterial pressure (PAP) and
pulmonary vascular resistance (PVR) from baseline (FIO; 0.21), during
hypoxia after normal saline (SAL) and CS aerosols in both the single (30
mg CS) (n = 8) and triple (90 mg CS) (n = 8) dose studies. Significant
differences in PAP (p < 0.05) and PVR (p < 0.005) within groups are
denoted by an asterisk.
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- DISCUSSION

Our results provide evidence that aerosolized CS blunts the
pulmonary vascular response to alveolar hypoxia. A single dose
of aerosolized CS (30 mg) did not alter HPV, whereas a triple
dose (90 mg) given over a 90-min period attenuated the rise in
pulmonary arterial pressure and resistance that was seen during
hypoxia after placebo treatment.

We also examined the influence of repeated closely spaced
epochs of alveolar hypoxia on the intensity of pulmonary vaso-
constriction. Previous studies have reported both enhancement
of (15) or no effect on (16) the HPV response with repetition of
hypoxic challenges in adult animals. Our findings indicate that
four consecutive challenges with alveolar hypoxia did not alter
the observed pulmonary vascular changes in conscious newborn
lambs, and suggest that the mechanisms responsible for HPV do
not change or fatigue with rapidly repeated stimulation.

We previously showed that CS administered as an intravenous
infusion blocked the pulmonary vascular response to hypoxia in
lambs, noting a 3% decrease in pulmonary vascular resistance
during hypoxia compared to a 57% increase with placebo (12).
The animals in our previous study received an intravenous
loading dose of 24 mg/kg of CS before the onset of hypoxia
followed by an additional 45 mg/kg during hypoxia. In contrast,
during our current studies, each lamb was administered only 4—
5 mg/kg CS in the single dose study and 12-15 mg/kg in the
triple dose study. Ahmed et al. (13) administered 20 mg/kg of
aerosolized CS to their animals and noted a 42% increase in
pulmonary arterial pressure (compared to 68% during hypoxia
alone) and a 27% increase in pulmonary vascular resistance
(compared to 89% during hypoxia alone). Our findings after the
triple dose study are similar to these previously reported obser-
vations that used a similar total dose administered as one treat-
ment (13).

Estimates of actual CS delivery into the airways during inha-
lation studies vary from 5-14% of the total aerosolized dose (13,
17, 18). Our study design allowed us to minimize loss of drug
via swallowing by delivering the drug directly into the tracheos-
tomy tube. Ultrasonic nebulizers similar to the type we used
generate particles of 1-3 um mass median diameter, a size
appropriate for lower respiratory tract deposition (19, 20). The
fraction of the CS dose lost due to exhalation of the aerosol could
not be quantified, thereby precluding precise calculation of the
dose deposited in the airways. However, a substantial amount of
the administered CS dose was likely deposited throughout the
tracheobronchial tree.

There are no data to describe adequately the kinetics of CS in
newborn animals or humans. The apparent pharmacodynamic
difference in the aerosol versus intravenous doses for CS may be
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Baseline p aerosol Hyp 1-onset Hyp 1-15 min. Recovery 1-onset 1-30 min. Hyp 4-onset Hyp 4-15min. Recovery 4-onset 4-30 min.
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Fig. 2. Actual hemodynamic changes in systemic and pulmonary arterial pressures and cardiac output from baseline in one lamb after normal
saline (SAL) and CS aerosols during the first and fourth hypoxia epochs (HYP 1 and HYP 4) and recovery periods of the single dose CS study.
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Table 5. Hemodynamic variables throughout epoch of alveolar hypoxia after triple dose of CS or normal saline*

Alveolar hypoxia
Baseline Post 3rd aerosol 1 min 5 min 10 min 15 min
Normal saline group
Pulmonary arterial pressure (mm 20+ 7 219 29 + 8%t 29 + 7t 30 = 71% 29 + 8tt
Hpg)
Pulmonary vascular resistance 66 + 41 64 + 41 90 =43 90 + 46 97 £+ 53§ 106 * 46§
(mm Hg-liter™'-kg™'.min™")
Cardiac output (ml-kg™.min™") 252 + 52 252 + 60 284 + 51 297 + 65 286 + 88 261 + 48
CS group
Pulmonary arterial pressure (mm 22+6 207 23+ 10 25+5 24+ 5 24+ 5
Hpg)
Pulmonary vascular resistance 60+ 19 61+29 78 £ 26 79 £ 20 78 £ 26 73 £25
(mm Hg.liter".kg™"- mm")
Cardiac output (ml-kg™'-min™") 246 + 56 231+ 57 254 + 67 264 + 54 254 + 60 254 + 71

* Data are means * 1 SD; n = 8; hypoxia = 8% O,, 5% CO;, 87% N..
Tp < 0.01 from baseline.

}p < 0.05 from CS during hypoxia.

§ p < 0.05 from baseline.

Il »<0.01 from CS during hypoxia.

partially explained by “site-specific” activity found in adults (21)
which is enhanced by local administration via the aerosol route.
To examine this phenomenon, we performed pharmacokinetic
modeling (22) on previously published mean serum concentra-
tion data for CS after inhalation (17). This demonstrated an
absorption rate constant after inhaled CS that was greater than
the elimination rate constant after intravenous administration
and a distribution rate constant after inhalation that was less
than that after intravenous administration. These findings sug-
gest that, at least in adults, distribution is the rate-limiting
determinant for pharmacologic activity of inhaled CS. Because
the residence time of the drug in the peribronchial/perivascular
tissues after inhalation would be increased over that expected
after intravenous administration, aerosol delivery of CS would
place the drug at its primary site of action and result in prolonged
residence at that site because of its slow distribution.

CS may have pharmacologic effects other than stabilization of
mast cell membranes as it has been shown to exert direct effects
on bronchial smooth muscle (23) and to inhibit reflex-induced
bronchoconstriction in dogs, most likely by suppressing lung
irritant receptors (24). It has also been shown to inhibit the
inflammatory effects of platelet-activating factor, a known bron-
choconstrictor and vasoconstrictor, by a mechanism independent
of mast cell activity (25). All of these effects can be explained by
the ability of CS to inhibit calcium influx into cells, a process
also necessary for mast cell degranulation (21, 23). CS does not
possess any antihistaminic, a-blocking, or catecholamine-releas-
ing properties (4). It also has no antagonistic activity against
prostaglandins or leukotrienes in isolated tissue or anesthetized
guinea pigs (26).

Two recent reports have refuted the efficacy of parenteral CS
as a modifier of HPV (27, 28). A study performed in hypoxic
human volunteers after intravenous infusion of CS reported that
a smaller dose than that used in our intravenous study did not
block HPV, but the infusion did cause facial flushing and head-
ache (27), systemic symptoms that have been previously reported
in humans (18). Mean systemic pressure and cardiac index were
not affected by CS infusion. Another recent study (28) has been
performed in newborn and young lambs under conditions similar
to our intravenous CS study. Alveolar hypoxia was acutely
induced after administration of CS for 10 min, and no significant
differences were noted in the rise in pulmonary arterial pressure
during hypoxia after CS compared to placebo. The magnitude
of rise (from mean values) in pulmonary arterial pressure during
hypoxia was, however, less after CS compared to controls in both
newborn (38 versus 68% in controls) and young (40 versus 55%

in controls) lambs. The differences noted in these two studies
when compared to our own data and other published studies
emphasize the need for continuing investigation of the mecha-
nisms responsible for HPV and the influence of CS on HPV.

The effects of CS on the pulmonary circulation have not been
satisfactorily explained. Results from this study and our previous
work (12), as well as studies in adult sheep (4, 13), dogs (10, 11),
and rats (3) suggest that CS alters the sequence of events that
leads to HPV. Additionally, the efficacy of lower doses of aero-
solized CS in attenuating the physiologic response to HPV sup-
port a local site of action for the drug similar to that postulated
for its local action in the treatment of asthma (21). The mecha-
nism of action of CS, the concentration-effect relationships of
the drug, and the contribution of mast cell degranulation to HPV
remain to be elucidated.
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