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Comparison of surface properties and
physiological effects of a synthetic and a natural
surfactant in preterm rabbits

J D Corcoran, P Berggren, B Sun, H L Halliday, B Robertson, T Curstedt

Abstract
Aimns-To compare the physical and
physiological properties of a synthetic
surfactant (Exosurf, Welcome Founda-
tion) and a natural surfactant (Curosurf,
Chiesi Farmaceutici).
Methods-Surface properties of the
surfactant suspensions (10 mg phospho-
lipid/ml) were evaluated using the pulsat-
ing bubble surfactometer. Lung-thorax
compliance was determined in 47
immature newborn rabbits with a gesta-
tional age of 27 days, treated with recom-
mended clinical doses of either surfactant
(Exosurf 67.5 mg/kg; Curosurf200 mg/kg).
The lungs were emined histologically.
Results-The mean (SD) contractile
forces of the surface at maximum and
minimum bubble size were significantly
lower for Curosurfthan for Exosurf: 31 (2)
and 0 (0) mN/m v 53 (5) and 29 (4) mN/m,
respectively. Mean (SD) lung-thorax
compliance after one hour of ventilation
was significandy higher in rabbits treated
with Curosurf compared with animals
receiving Exosurf or those serving as
controls: 0-60 (0.15) ml/cm H20.kg v 0-44
(0.03) and 0'34 (0-18) ml/cm H20.kg,
respectively. Both surfactants increased
alveolar volume density compared with
results for control animals, but only
Curosurf significantly reduced the inci-
dence of moderate or severe bronchiolar
epithelial disruption.
Conclusions-The natural surfactant,
Curosurf, reduced the contractile force at
an air-liquid interface to a greater extent
than the synthetic surfactant, Exosurf,
and led to a greater improvement in com-
pliance and less airway epithelial damage
when given in clinical treatment doses to
immature rabbits.
(Arch Dis Child 1994; 71: F165-F169)

Exosurf (Wellcome Foundation Ltd) and
Curosurf (Chiesi Farmaceutici SpA) are two
widely used surfactant preparations which
have important differences in their con-
stituents. Exosurf is a protein free synthetic
surfactant consisting of dipalmitoyl phos-
phatidylcholine (DPPC) mixed with tyloxapol
and cetyl alcohol; these increase the adsorption
ofDPPC at an air-liquid interface. I Curosurf is
a chloroform extract of polar lipids from pig
lung which also contains 1% hydrophobic sur-
factant proteins - SP-B and SP-C.2 There is
evidence to suggest that synthetic, protein free

surfactants are less effective than natural
(animal derived) surfactants containing
proteins in increasing lung compliance in
immature newborn rabbits3 4 and lambs.5 6
Nevertheless, overviews of clinical trials have
shown that both types of surfactant reduce the
odds of neonatal mortality associated with res-
piratory distress syndrome by about 40%.7 We
compared the physical properties of these two
surfactants in vitro, and lung-thorax compli-
ance and alveolar volume density after
administration of clinical treatment doses to
immature newborn rabbits.

Methods
Curosurf was isolated from minced pig lungs
by a sequence of washing, centrifugation,
chloroform-methanol extraction and liquid gel
chromatography.2 The phospholipid content
of the suspension was 80 mg/ml, the content of
DPPC about 34 mg/ml. Exosurf was supplied
as a lyophilised powder which was suspended
in water for injection at a concentration of
13-5 mg phospholipid/ml.

Suspensions of Curosurf and Exosurf were
diluted in normal saline to a concentration of
10 mg phospholipid/ml. The surface properties
of these suspensions were determined at 37'C
using the pulsating bubble surfactometer
(Surfactometer International, Toronto,
Canada).8 A bubble communicating with the
ambient air was created in each surfactant sus-
pension and by varying the pressure applied to
the suspension it was made to pulsate between
a radius of 0-55 mm and 0 40 mm at a rate of
40 a minute. By measuring the pressure
gradient (p) across the bubble wall the con-
tractile force at the air-liquid interface (y) at
minimum and maximum bubble size (-y min,
y max) was calculated according to the law of
Laplace (p= 2y/r).

ANIMAL EXPERIMENTS
New Zealand white rabbit fetuses were deliv-
ered by hysterotomy at a gestational age of 27
days (term is 31 days) and immediately anaes-
thetised with an injection of 0'6 mg intra-
peritoneal sodium pentobarbital, paralysed
with 0-02 mg intraperitoneal pancuronium
bromide, and subjected to tracheotomy to
permit endotracheal intubation with a metal
cannula. Litter mates were randomly allocated
to either one of two treatment groups -
Curosurf 200 mg/kg (n= 15) or Exosurf
67-5 mg DPPC/kg (n= 15) - or to an untreated
control group (n= 17). The animals were then

Department of Child
Health, The Queen's
University, Belfast
J D Corcoran
H L Halliday

Research Unit for
Experimental
Perinatal Pathology,
Karolinska Hospital,
Stockholm, Sweden
P Berggren
B Sun
B Robertson

Department of Clinical
Chemistry, Danderyd
Hospital, Danderyd,
Sweden
T Curstedt

Correspondence to:
Dr J D Corcoran,
Department of Child Health,
The Queen's University of
Belfast, Institute of Clinical
Science, Grosvenor Road,
Belfast BT1 2 6BB.

Accepted 29 May 1994

F165

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.71.3.F
165 on 1 N

ovem
ber 1994. D

ow
nloaded from

 

http://fn.bmj.com/


Corcoran, Berggren, Sun, Halliday, Robertson, Curstedt

transferred to multiple body plethysmographs
at a temperature of 370C and connected in
parallel to a pressure-constant ventilator
(Servo-Ventilator 900B, Siemens-Elema).
They were ventilated at a frequency of
40/minute in 100% oxygen using an inspira-
tion:expiration ratio of 1:1. Peak inspiration
pressure was adjusted every five minutes to
maintain a physiological tidal volume (about
10 ml/kg) by altering the length of an open
ended high resistance tube which was the
outflow limb of the connection between the
common ventilator tube and the tracheal
cannula.9 This provides a reasonably square
waveform with a peak pressure plateau of
about 0 5 seconds at this ventilator rate. No
positive end expiratory pressure (PEEP) was
applied because this could have masked a dif-
ference in lung stabilising properties between
the preparations.1I A four lead electrocardio-
gram (ECG) recording was obtained by insert-
ing fine subcutaneous needles into the limbs.
The animals were ventilated for 60 minutes
and simultaneous recordings of ECG, tidal
volume, and peak inspiratory pressure were
obtained at 15 minute intervals on a multi-
channel recorder. Physiological data were
accepted for analysis from animals with a
regular heart rate (>200/minute) and normal
QRS complexes. Lung-thorax compliance was
calculated from the tidal volume and peak
inspiratory pressure. Following the period of
ventilation, the animals were killed with an
intracranial injection of 10 mg lidocaine which
causes immediate cardiac arrest. The abdomen
was opened and the diaphragm inspected for
evidence ofpneumothorax. The chest was then
opened and blood was aspirated from the right
ventricle for measurement of pCO2 and pH.
The lungs were expanded with a trans-

pulmonary pressure of 30 cm H20 for 30
seconds; the pressure was then lowered to
10 cm H20 during fixation by vascular perfu-
sion with a mixture of 4% formaldehyde and
1% glutaraldehyde. A deflation pressure of 10
cm H20 represents a sensitive point of the
pressure-volume diagram at which a substan-
tial difference in volume is to be expected
between a surfactant deficient lung and a lung
treated with an effective surfactant.11 Large
paraffin wax sections from the basal parts of
both lungs were stained with haematoxylin
and eosin and examined by conventional light
microscopy.
Volume density of the alveolar spaces (Vv)

was determined by conventional point count-
ing, using 25 random fields for each lung and
the total parenchyma as a reference volume.4

Table 1 General characteristics ofexperimental animals and physiological data after 60
minutes of ventilation

Exosurf Curosurf Control

No of rabbits studied 15 15 17
Mean (SD) birth weight (g) 29-4 (3-1) 30 5 (3-0) 31 7 (3 3)
No surviving ventilation for one hour 11 10 7
Mean (SD) tidal volume (ml/kg) 10-4 (0-6) 104 (1-0) 100 (0-6)
Mean (SD) peak inspiratory pressure (cm H20) 23 5 (1-3) 18 3 (4.6)* 25-0 (3-9)
Mean (SD) heart rate (beats/minute) 304 (33) 293 (26) 279 (51)
Mean (SD) PCO2 (kPa) 6-1 (2-4) 7-3 (2 6) 6 8 (2-3)

Carbon dioxide tension (pCO2) was determined in blood from right ventricle.
*p<001 compared with Exosurf and control animals.
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Figure 1 Maximum and minimum surface contractile
force (y max; -y min; mN/m) of Curosurf (0 0) and
Exosurf (A... A) (both 10mg/ml) calculatedfrom
measurements with the pulsating bubble surfactometer at
37°C. Values are mean (SD) offive separate
determinations. Overlapping SD bars are omittedfor
clarity, and bars falling within the symbols are not shown.
p<0 01 at all time points.

The degree of airway epithelial injury12 was
examined by screening of the entire sections
and expressed semi-quantitatively on a four
degree scale: none; mild (isolated desqua-
mated necrotic epithelial cells); moderate
(small sheets of desquamated necrotic epithe-
lium); severe (large sheets of desquamated
necrotic epithelium).

All these assessments were made blind - that
is, without knowledge of the experimental con-
dition of individual animals.

STATISTICS
Values are given as mean (SD). Differences in
surface properties were analysed using the
Mann-Whitney U test. Intergroup differences
in data derived from animal experiments were
examined using analysis of variance followed
by the Student-Newman-Keuls test. Dif-
ferences in lung injury scores were evaluated
using the Kruskal-Wallis one way analysis of
variance by ranks. A p value of less than 0 05
was regarded as significant.

Results
SURFACE PROPERTIES
Figure 1 shows the y min and y max ofExosurf
(n=5) and Curosurf (n=5) at a phospholipid
concentration of 10 mg/ml. Values for y min
recorded seven seconds to five minutes after
onset of pulsation were about 30 mN/in for
Exosurf and close to 0 mN/mi for Curosurf.
Values for ry max were above 50 mN/mi in
Exosurf samples and below 35 mN/m in
samples of Curosurf. The differences between
the two surfactants were significant for both
measurements of surface contractile force at all
time intervals (p<0-01).

DATA FROM ANIMAL EXPERIMENTS
The three groups of animals are characterised
in table 1. Eight control, two from the Exosurf
group and three from the Curosurf group
developed pneumothoraces. In two additional
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Table 3 Bronchiolar epithelial injury in surviving animals

Exosurf Curosurf Controls
(n= 11) (n= 10) (n= 7)

None or mild 4 9* 2
Moderate or severe 7 1 5

*p<0.05 for Curosurf rabbits with no or mild bronchiolar
epithelial injury compared with moderate or severe injury v
Exosurf and control rabbits.

15I30 45 60 in Vv compared with the controls, and low CV
Time after treatment (minutes) (Vv) (table 2); airway epithelial injury was

Lung-thorax compliance (mllcmH2O.kg) at 1 usually absent or mild (table 3) (fig 3C).
ztervals after administration of Curosurf(-*) Treatment with Exosurf led to a 37%
surf (A... A) compared with controls (U --- *). improvement of alveolar Vv associated with a
re mean (SD); bars falling within the symbols are reduction in CV (Vv) but did not significantly

n, *p<0.O5, **p<0.01, ***p<0.O1 v controls, reduce the number of animals showing moder-
ate to severe epithelial lesions (table 3) (fig
3B).

animals in each group severe ECG abnormali-
ties (arrhythmia or disappearance of QRS
complexes) were recorded during the course of
the experiment. Physiological data from these
animals were accepted only from the period
showing a normal ECG. A total of 28 animals
survived the whole period of ventilation with-
out complications. Tidal volumes, heart rate,
and pCO2 in surviving animals were similar in
all three groups (table 1).

Peak inspiratory pressure, required to main-
tain the standardised tidal volume, was signifi-
cantly lower in animals treated with Curosurf
than in those receiving Exosurf or those serving
as controls (table 1). In other words, animals
treated with Curosurf had higher lung-thorax
compliance. This difference between the
groups was significant throughout the experi-
ment (fig 2). Final values for compliance,
recorded after 60 minutes, were 0-60 (0 15)
mi/cm H20.kg in the Curosurf group, 0 44
(0-03) ml/cm H20.kg in animals receiving
Exosurf, and 0 34 (0.18) ml/cm H20.kg in
controls. Animals treated with Exosurf also
had a significant improvement in compliance
at 30 and 45 minutes compared with controls
(p<0-05).
Morphometric data are summarised in table

2 and the incidence of various degrees of
epithelial injury are shown in table 3. As the
numbers were very small in some subgroups,
groups 1 and 2 with no or mild epithelial
lesions, and groups 3 and 4 with moderate or
severe lesions, were combined for analysis.
Representative photomicrographs of the lung
histology are shown in fig 3. Control animals
had a low alveolar Vv with a large field to field
variability in alveolar expansion, as reflected by
a high coefficient of variation CV (Vv) (table
2). Most control rabbits developed moderate
or severe airway epithelial damfiage (table 3) (fig
3A). In animals treated with Curosurf alveoli
were more expanded with a 74% improvement

Table 2 Alveolar volume density (Vv) and its coefficient of variation [CV(Vv)] in
surviving immature rabbits

Exosurf (n= 11) Curosuf (n=10) Controls (n= 7)

Mean (SD) Vv 0-52 (0-07)* 0-66 (0-08)*t 0-38 (010)
Mean (SD) CV (Vv) 0-17 (0-07)* 0-13 (0-05)* 0-26 (0-05)

*p<001 v control rabbits. tp<O0O1 v Exosurf.

Discussion
The biophysical and physiological properties of
a natural surfactant, Curosurf, and a synthetic,
protein free preparation, Exosurf, show major
differences. In the pulsating bubble at mini-
mum bubble size the surface contractile force
of Exosurf was much higher than that of
Curosurf. These findings support the findings
of a recent study by Hall et al 13 which showed
that the surface properties of Exosurf may be
improved by the addition of surfactant proteins
B and C, which are constituents of Curosurf
and other naturally derived surfactants.
We are aware of the fact that calculation of

the contractile force at the air-liquid interface
becomes inexact when the pressure gradient
approaches zero, because the bubble loses its
spherical shape. However, the absolute error is
less than <0-5 mN/m which does not affect the
validity of our results.14 With a pressure

gradient of 0 cm H20 the calculated contrac-
tile force will be 0 mN/m, irrespective of the
bubble radius. We therefore feel that values for
contractile force close to zero (in our study
observed only with the natural surfactant
preparation) are indeed representative of the
physical state of the bubble surface and proba-
bly indicate solidification of the interface due
to selective squeeze-out of unsaturated film
components. 15
Immature rabbits treated with Curosurf had

a greater improvement in lung compliance
than those who received Exosurf. Previous
studies in rabbits3 4 and lambs5 6 have shown
similar benefits of natural surfactants. Apart
from the effects of surfactant proteins another
contributory factor may be the smaller dose of
Exosurf (67-5 mg/lkg v 200 mg/kg of Curosurf,
corresponding, however, to nearly the same

dose of DPPC) and the larger volume of fluid
instilled in the Exosurf group (5 mi/kg v 2-5
mi/kg). Previous studies have shown that
babies receiving a higher dose of natural sur-
factant have better oxygenation than those
receiving a lower dose.16'8 It could be argued
that Exosurf was not given according to the
manufacturer's instructions for clinical use in
our study. However, slow infusion of surfac-
tant via an endotracheal tube adaptor is not
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Figure 3 Histological sections of lung showing the effects
ofsurfactant on expansion and airway epithelium
(haematoxylin and eosin staining, X80). (A) Control
animal with poor alveolar expansion and prominent
disruption of the airway epithelium (arrow); (B) Exosurf
treated animal with irregular alveolar expansion and
moderate airway epithelial lesions (arrow); (C) Curosurf
treated animal with mostly well expanded alveoli and no
evidence ofairway epithelial injury.
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feasible in these small experimental animals. In
one clinical trialExosurfwas given rapidly over
five seconds through such an adaptor.19
The relative improvements in compliance,

noted in the present series after treatment with
Curosurf and Exosurf and ventilation for 60
minutes without PEEP (+76% and +29%,
respectively), were of the same order as those
observed by Rider et al in preterm newborn
rabbits after treatment with natural sheep

surfactant (+77%) or Exosurf (+ 14%).10 The
improvement in the Curosurf group was
slightly larger than the average (+66%)
reported in a previous study evaluating differ-
ent batches ofthe same surfactant under nearly
identical experimental conditions.9 Ventilation
with PEEP leads to further improvement of
compliance in preterm animals treated with
Exosurf, Survanta, and natural sheep surfac-
tant,10 indicating that comparison of different
exogenous surfactants in ventilated newborn
animals require rigorous standardisation of the
experimental conditions.

In our study both surfactants effectively
expanded the alveoli, as measured by volume
density compared with controls, but Curosurf
caused a significantly greater increase than
Exosurf (+74% v +37%) in keeping with
the observed changes in compliance. More
importantly, Curosurf was much more effec-
tive in preventing epithelial disruption.
Epithelial lesions in the airways occur shortly
after the start of mechanical ventilation in the
surfactant deficient lung,'2 and are associated
with leakage of protein into the alveolar
spaces20 which may lead to further surfactant
inactivation2l and increased protein leakage.
There is evidence that the resultant activation
of proteolytic enzymes increases the likelihood
of bronchopulmonary dysplasia.22

Both Curosurf23 and Exosurf24 25 signifi-
cantly reduce mortality when used in clinical
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rescue trials. However, the results of such trials
are not directly comparable because of differ-
ent patient populations, variable disease
severity, and different contributing hospitals.
The clinical importance of our observations
can be tested only by direct comparative
clinical trials of natural and synthetic surfac-
tants to establish the most effective treatment
of neonatal respiratory distress syndrome.
Such trials need to be large enough to have a
reasonable chance of detecting clinically
important differences in outcomes26 such as
death or the combination of death or broncho-
pulmonary dysplasia.
This work was supported by the Swedish Medical Research
Council (Project No 3351), Oscar II:s Jubileumsfond, Axel
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typing the manuscript.
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