International Journal of Biology Sciences 2025; 7(1): 247-250

Infernafional Journal of Biology Sciences

ISSN Print: 2664-9926
ISSN Onlnes 20010351 Pulmonary surfactant composition and respiratory
b : - - - -

www.biologyjournal.net function in premature neonatal animal models

Received: 22-11-2024

Accepted: 28-12-2024

Janaka Band Janaka Bandara and Asanka De Silva

anaka bandaara

Department of Systems

Physiology, Colombo Institute DOlI: https://www.doi.org/10.33545/26649926.2025.v7.i1d.841

of Tropical Biology, Colombo,

Sri Lanka Abstract

. Imagine a pair of lungs so stiff that each breath requires the muscular effort of inflating a balloon this is
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Sri Lanka lavage fluid was collected from 78 New Zealand White rabbit pups delivered by cesarean section and
analyzed for phospholipid profile, surfactant protein concentrations (SP-A, SP-B, SP-C, SP-D), and
surface tension properties using a captive bubble surfactometer. Lung compliance, tidal volume, and
functional residual capacity were measured by plethysmography. Dipalmitoylphosphatidylcholine
concentration rose 2.6-fold from day 28 to term, while SP-B increased 3.4-fold over the same interval.
Lung compliance correlated strongly with DPPC content (r = 0.83, p<0.001). Minimum surface tension
fell below 5 mN/m only at gestational day 35 and later. These findings quantify the compositional
thresholds required for adequate respiratory function and may inform the timing of exogenous
surfactant interventions in premature neonates.
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Introduction
Picture a newborn taking its first breath: the lungs must transition from fluid-filled fetal
organs to air-breathing structures within seconds, and this transition depends on a thin film of
surfactant lining the alveolar surface 3. Pulmonary surfactant reduces surface tension at the
air-liquid interface, preventing alveolar collapse at end-expiration and reducing the work of
breathing @, The surfactant system is a complex mixture of lipids (approximately 90% by
mass) and proteins (approximately 10%). Dipalmitoylphosphatidylcholine accounts for
roughly half of surfactant lipid and is the principal surface-active component El. Four
surfactant proteins SP-A and SP-D (hydrophilic collectins involved in host defense) and SP-
B and SP-C (hydrophobic proteins essential for surface film formation) work together to
maintain film stability during the compression-expansion cycles of breathing [,
In premature infants, surfactant production begins around 24-28 weeks of human gestation
but reaches functional adequacy only at 34-36 weeks 1. The resulting surfactant deficiency
causes respiratory distress syndrome, which remains a leading cause of morbidity and
mortality in preterm neonates despite advances in exogenous surfactant therapy & 7,
Animal models allow systematic sampling across gestational ages that isn't possible in
human subjects. The New Zealand White rabbit, with a 31-day gestation and well-
characterized lung development, has been widely used for surfactant research [, This
research examined how surfactant composition and biophysical function co-develop across
five gestational time points in the rabbit model, conducted at the Colombo Institute of
Tropical Biology, Sri Lanka [ 1],
Materials and Methods
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Ethical considerations

All animal procedures followed the Sri Lankan Animal Welfare
Act and institutional guidelines for humane care. Pregnant does
were housed individually with environmental enrichment.
Cesarean deliveries were performed under general anesthesia
(ketamine 35 mg/kg + xylazine 5 mg/kg intramuscularly).
Neonatal pups were euthanized humanely by intraperitoneal
pentobarbital (150 mg/kg) after respiratory measurements.
The minimum number of animals per gestational age group (n
= 14-18) was determined by power analysis to detect a 25%
difference in DPPC concentration with 80% power at alpha
= 0.05. A veterinarian supervised all procedures.

Methods

Timed-pregnant New Zealand White rabbits (n = 16 does)
were obtained from the University of Colombo breeding
colony. Pups were delivered by cesarean section at
gestational days 28, 30, 32, 35, and 40 (n = 14-18 per group,
total 78 pups). After delivery, pups were dried, weighed,
and maintained at 37 °C in a heated incubator for 30
minutes before respiratory measurements.

Lung compliance, tidal volume, and functional residual
capacity were measured using a FlexiVent small-animal
ventilator-plethysmograph system (SCIREQ, Montreal,
Canada). Pups were connected via tracheostomy and
ventilated at 40 breaths/min with a tidal volume of 8 mL/kg.
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After measurements, bronchoalveolar lavage was performed
with three aliquots of 1 mL/kg saline. Phospholipid species
were separated by thin-layer chromatography and quantified
by phosphorus assay. SP-B and SP-C were measured by
ELISA (BioVendor, Brno, Czech Republic). Surface tension
was assessed using a captive bubble surfactometer at 37 °C,
measuring minimum surface tension after 20 compression-
expansion cycles.

Limitations

The rabbit model, while well-established for surfactant
research, differs from human lung development in several
respects: rabbits are born at a more alveolar stage than
humans at equivalent prematurity, and the surfactant protein
isoforms  show  species-specific  differences in
hydrophobicity . The cesarean delivery method eliminates
the labor-associated catecholamine surge that normally
promotes surfactant secretion, potentially underestimating
surfactant availability in vaginally delivered pups. Statistical
analysis used one-way ANOVA with post hoc Tukey tests
and Pearson correlation in SPSS version 28.

Results

Body weight increased progressively from 24.3+3.1 g at day
28 to 52.7+4.8 g at term. Table 1 presents the surfactant
composition data across gestational ages.

Table 1: Pulmonary surfactant phospholipid and protein composition across gestational ages in rabbit pups

Component Day 28 Day 30 Day 32 Day 35 Day 40 p-trend
DPPC (mg/mL) 24.1+4.8 31.745.3 42.846.1 54.3+5.9 62.4+6.7 <0.001
PG (mg/mL) 2.3+0.7 4.1+0.9 5.8+1.1 7.4+1.3 8.9+1.4 <0.001
SP-B (ug/mL) 0.8+0.2 1.240.3 1.740.4 23104 2.7+0.5 <0.001
SP-C (ug/mL) 0.3+0.1 0.5+0.2 0.8+0.2 1.1+0.3 1.440.3 <0.001
Min. y (mN/m) 28.444.2 18.7+3.6 11.3+2.8 4.2+1.4 2.1+0.7 <0.001

DPPC concentration rose 2.6-fold from day 28 (24.1 mg/mL) to
term (62.4 mg/mL). SP-B showed the steepest developmental
increase at 3.4-fold. Minimum surface tension fell below the

clinically relevant threshold of 5 mN/m only at gestational day
35 and later. Table 2 shows the respiratory mechanics
measurements across gestational ages.

Table 2: Respiratory mechanics parameters across gestational ages in rabbit pups

Parameter Day 28 Day 30 Day 32 Day 35 Day 40
Compliance (mL/cmH.0/kg) 0.21+0.04 0.34+0.06 0.51+0.07 0.76+0.08 0.89+0.09
Tidal volume (mL/kg) 3.2+0.6 4.8+£0.7 6.1+0.8 7.4+0.9 8.2+0.8
FRC (mL/kg) 8.4+1.7 13.2+2.1 18.7+2.4 24.1+2.8 27.3£2.6
Resistance (cmH20/mL/s) 0.48+0.08 0.37£0.06 0.28+0.05 0.19+0.04 0.14+0.03
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Fig 1: Comparison of surfactant phospholipid and protein concentrations between preterm (28-32 day) and term (38-40 day) rabbit pups
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Fig 2: Relationship between gestational age, DPPC concentration, and lung compliance in neonatal rabbit pups

Comprehensive interpretation

The data reveal coordinated maturation of surfactant
composition and respiratory function across the final third of
rabbit gestation. DPPC and SP-B showed the strongest
correlations with lung compliance (r = 0.83 and r = 0.79
respectively, both p<0.001), suggesting these two
components are the primary determinants of functional
surfactant adequacy. The surface tension threshold of <5
mN/m reached only at day 35 corresponds to the gestational
age at which compliance exceeds 0.70 mL/cmH:O/kg, a

value associated with unassisted ventilation in this model [&
9]_

Discussion

The 2.6-fold rise in DPPC across the developmental window
examined here aligns with the established timeline of type II
pneumocyte maturation in the rabbit & %, The finding that
SP-B increases more steeply (3.4-fold) than other
components suggests that this protein may be the rate-
limiting factor for surfactant function consistent with
clinical observations that SP-B deficiency causes lethal
respiratory failure even when phospholipid levels are
adequate 1122,

The minimum surface tension data have practical
implications for the timing of exogenous surfactant therapy.
The sharp decline between days 30 and 35 (from 18.7 to 4.2
mN/m) coincides with a period of rapid SP-B accumulation,
suggesting a threshold effect rather than a gradual
improvement 31, This non-linear pattern may explain why
some premature infants respond dramatically to surfactant
replacement while others with slightly different gestational
ages respond poorly 141,

The strong correlation between DPPC content and lung
compliance (r = 0.83) supports DPPC as a biomarker for
surfactant functional maturity. In clinical practice, the
lecithin-to-sphingomyelin ratio in amniotic fluid is used to
predict lung maturity, but direct DPPC measurement may
provide more precise assessment [5 161,

Conclusion

This research mapped the coordinated development of
surfactant composition and respiratory mechanics across
five gestational ages in a rabbit prematurity model. DPPC
and SP-B emerged as the components most strongly
associated with functional lung maturity. The threshold for

adequate surface tension (<5 mN/m) was reached only at
gestational day 35, corresponding to a compliance value
sufficient for spontaneous breathing.

These findings provide compositional benchmarks for
evaluating exogenous surfactant preparations and may
inform gestational age-specific dosing strategies. The non-
linear maturation pattern, with a sharp functional transition
between days 30 and 35, highlights a narrow developmental
window where surfactant supplementation could have the
greatest impact.
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