
Heliyon 5 (2019) e03072
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Rapid biophysical analyses of gastric aspirates from risk newborns for lung
maturity assessment after corticosteroid therapy

Asya Tsanova a, Albena Jordanova a,*, Vishnya Stoyanova a, Elena Tasheva-Terzieva b,
Krasimira Ivanova c, Zdravko Lalchev b

a Faculty of Medicine, St. Kl. Ohridski University of Sofia, 1407, Sofia, Bulgaria
b Faculty of Biology, St. Kl. Ohridski University of Sofia, 1164, Sofia, Bulgaria
c St. Sofia Hospital, 1618, Sofia, Bulgaria
A R T I C L E I N F O

Keywords:
Biochemistry
Developmental biology
Respiratory system
Pediatrics
Clinical research
Gastric aspirates
Lung maturity
Axisymmetric drop shape analysis
Brewster angle microscopy
Neonatal distress syndrome
* Corresponding author.
E-mail address: albenagj@uni-sofia.bg (A. Jorda

https://doi.org/10.1016/j.heliyon.2019.e03072
Received 14 January 2019; Received in revised for
2405-8440/© 2019 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Background: One of the main causes for the higher mortality among risk newborn children (including preterm
infants) is neonatal respiratory distress syndrome (NRDS), which develops as a result of primary deficiency or
secondary inactivation of alveolar surfactant (AS). Therefore, fast and early diagnostics of risk newborns lung
maturity is crucial for their prompt therapy.
Materials and methods: Gastric aspirates (GA) were collected from 77 infants divided into three groups: a control of
38 healthy full-term infants; 16 prematurely newborns with NRDS, and 23 prematurely born infants after in vitro
fertilization and corticosteroid therapy (CST). Surface parameters: equilibrium (γeq), maximal (γmax) and minimal
(γmin) surface tension, and the shape of hysteresis curves of GA monolayers were measured by axisymmetric drop
shape analysis (ADSA) of a pending drop. In addition, the morphology of GA monolayers was studied by Brewster
angle microscopy (BAM).
Results: Our results showed that only γmin values were reliable and were significantly lower in full-term infants, as
compared to the risk neonates. The results obtained were proved by the shape of hysteresis curves of GA surface
active films. BAM images of GA monolayers from NRDS group showed impaired surface morphology due to the
surfactant insufficiency, as compared to the control group. Corticosteroid therapy improved both GA surface
characteristics and monolayer morphology.
Conclusions: GAs analyses by ADSA and BAM are fast and informative approaches for lung maturity assessment. In
addition, the corticosteroid therapy applied improved all GAs surface parameters due to AS maturation.
1. Introduction

In the last years as a result of in vitro fertilization and multiple preg-
nancy clear tendency for an increase in the relative percentage of risk
newborn children was observed. One of the most severe respiratory
dysfunctions in the risk newborns is neonatal respiratory distress syn-
drome (NRDS) [1, 2, 3, 4, 5]. The disease has complex etiology and many
factors are involved in its development, such as gestational age, in vitro
fertilization usually leading to multiple pregnancy, and therefore pre-
maturely born children before 37 weeks of gestation, sex, antenatal
prophylaxis, gestational diabetes, etc. [3, 4, 6]. NRDS develops as a result
of deficiency and/or inactivation of alveolar surfactant (AS) components
responsible for lung immaturity and it is a leading cause for the neonatal
morbidity and mortality. The surfactant is synthesized and secreted by
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type II pneumocytes, which differentiate between 24 and 34 weeks of
gestation in the human [7]. Primary deficiency of AS is due to immaturity
of pneumocytes type II which are enable to produce surfactant lipids and
proteins [8]. Insufficiency of AS results in decreased pulmonary
compliance and in increased surface tension at the air-water interface,
which leads to higher risk of alveolar collapse at exhalation followed by
reduced total gas exchange surface [9, 10].

For NRDS prevention in prematurely newborns two therapeutic
strategies are applied: antenatal administration of corticosteroids, which
enhance AS biosynthesis, and prophylactic administration of natural or
synthetic exogenous surfactants (ES) immediately after delivery [4, 11,
12, 13]. In the last years surfactant therapy is introduced into the routine
practice as lifesaving in the developed countries. Unfortunately, this
therapy is too expensive which requires the establishment of fast and
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adequate methods for lung maturity assessment for optimization of ES
administration. On the other hand multiple clinical trials show that
antenatal administration of corticosteroids significantly decrease the risk
of NRDS development and the prophylactic administration of ES after
birth [14, 15]. The antenatal corticosteroid therapy enhances the dif-
ferentiation of epithelial cells in type II pneumocytes, stimulates the
surfactant production by both transcription and post-transcriptional
mechanisms, enhancing the rate of phospholipids, fatty acid and spe-
cific surfactant proteins biosynthesis in the fetal lung [4, 16, 17].

The main diagnostic criteria of NRDS include chest radiographic
findings and acidosis after delivery with the clinical symptoms like
tachypnea, poor feeding, nasal flaring, grunting, cyanosis, intercostal
retraction and reduction of respiratory sounds in pulmonary auscultation
[18]. However, early diagnostics of lung maturity is crucial for the
appropriate lifesaving ES therapy for newborns. Until now lung maturity
is determined by laboratory biochemical and biophysical assays of am-
niotic fluids (AF) from mothers and tracheal aspirates (TA) from new-
borns. These methods for sample collection are invasive and traumatic. In
contrast, gastric aspirates (GA) collection is fast, simple, noninvasive
procedure, realized in the first minutes after delivery. During pregnancy
the fetus swallows amniotic fluids, as a result characteristics of alveolar
surfactant are comparable for AF and GA. However, comparative ana-
lyses show differences in their reliability [19, 20, 21]. Therefore, the
development and application of noninvasive methods for early and fast
diagnostics of NRDS in risk newborns is of a great importance for the
clinical practice.

The aim of the present study was to determine the effect of the
betamethasone therapy on lung maturity in clinical samples of GA from
risk newborns by rapid and informative biophysical methods, such as
Axisymmetric Drop Shape Analysis (ADSA) of a pending drop and
Brewster Angle Microscopy (BAM).

2. Materials and Methods

2.1. Gastric aspirates samples

The clinical samples of gastric aspirates were collected from 77 in-
fants divided into three groups: a control group of 38 healthy full-term
infants; 16 prematurely newborns (aged 26–32 weeks of gestation)
clinically diagnosed with NRDS, and 23 prematurely born infants after in
vitro fertilization and corticosteroid therapy. Healthy full-term babies are
characterized by the following clinical exclusion criteria: gestational age
of 38� 2; body weight>2800� 184 g; SatO2 >90%; negative Silverman
test; normal X-chest radiography; normal and stable biochemical pa-
rameters. Babies with NRDS were diagnosed by the following criteria:
gestational age of 29 � 3; body weight of 1050 � 226 g; SatO2 <90%;
positive Silverman test; abnormal X-chest radiography; unstable
biochemical parameters. For collection of GA gastric tube was used
immediately after delivery as previously described [22]. For all experi-
ments an informed consent was obtained from all parents for each sample
collected. The samples were collected after the approval of the St. Sofia
Hospital Ethical Committee.
Table 1. Surface tension (γ, mN/m) values (mean � standard deviation) of GA
samples of the three groups studied and the results from group comparisons (F-
statistics by ANOVA and H-statistics by Kruskal-Wallis test).

GA samples γequilibrium γmax γmin

Control group 37.5 � 4.8 52.0 � 5.0 6.9 � 2.3

NRDS group 36.5 � 5.6 47.0 � 6.5 19.6 � 6.1

CST group 39.1 � 7.0 49.3 � 5.1 13.8 � 4.9

Statistics value
p value

F ¼ 1.04
p ¼ 0.359

H ¼ 7.9
p ¼ 0.019

H ¼ 40.5
p < 0.0001
2.2. Determination of surface characteristics of GA by ADSA of a pending
drop

The surface tension was determined by tensiometer KSV CAM 101
(KSV Instruments Ltd., Finland) [23]. The setup was computer-controlled
by a Windows-integrated program, including the ADSA surface tension
calculation algorithm. By an intergrated camera series of pictures were
taken. An equilibrium value of the surface tension, γequilibrium (γeq,
mN/m) in static conditions, as well as maximal surface tension (γmax,
mN/m) at 100% drop surface (corresponding to 30 mm2 drop surface
area) and minimal surface tension (γmin, mN/m) at 20% drop surface
(corresponding to 5 mm2 drop surface area) were measured after 10-fold
2

volume compression and decompression of the GA drop as previously
described [22].

2.3. Brewster angle microscopy of GA monolayers

Insoluble GA monolayers were formed in a Langmuir trough by
spreading 5 μl of GA samples over the subphase of 0.15 M NaCl. After 10
min (for reaching an equilibrium surface tension, hence adsorption of
surface active molecules) BAM images were recorded by using Accurion
Nanofilm Ultrabam (Accurion GmbH, Goettingen, Germany) as previ-
ously described [22].

2.4. Statistical analysis

Descriptive statistics were applied for the surface tension parameters
in the group, treated antenatally with corticosteroid therapy (CST).
Sample limits, mean, standard error of mean, standard deviation and
median were calculated for the equilibrium, minimal and maximal sur-
face tension. The data were represented by box plots. Shapiro-Wilk test
for normality was used. Comparisons with healthy infants born at term
(control) and premature infants developing clinical signs of NRDS
(NRDS) were made by one way analysis of variance (ANOVA) or Kruskal-
Wallis test (ANOVA on ranks) at a significant level α¼ 0.05. The multiple
comparison procedure for ANOVA on ranks followed Dunn's method. The
statistical analysis was performed by SigmaPlot 12 for Windows.

3. Results and discussion

Almost half a century ago a study demonstrated the positive effect of a
single course of antenatal corticosteroid therapy [24]. Corticosteroids
were introduced into the neonatal practice in the developed countries
after 1994 and their administration proved that CST may enhance fetal
maturation before preterm birth and decrease the rate of NRDS, intra-
ventricular haemorrhage and neonatal death with no complications for
both babies andmothers [25, 26]. Nowadays it was proved that the use of
antenatal steroid is most effective in reducing the incidence of NRDS in
pregnancies that deliver 24 h after and up to 7 days after administration
of the second dose of antenatal corticosteroids [27, 28].

In our study we demonstrated for the first time the effect of a single
course of CST on surface properties of gastric aspirates samples, taken
from prematurely born infants, and compared with a control group of
healthy full term babies, and infants developing clinical signs of NRDS.
For this purpose we used axisymmetric drop shape analysis of a pending
drop. The pending drop method allows the analysis of the surface
behavior of small amounts (50 μl) of GA samples. ADSA method is based
on the numerical fit between the shape of experimental drops and the
mathematical model given by the classical Laplace equation of capil-
larity. By this approach we measured the following surface characteris-
tics: γeq measured at static conditions, the dynamic parameters, γmax and
γmin, and the shape of the hysteresis curves of surface tension vs. surface
area during compression-decompression cycling.

Our results compared by ANOVA test showed no statistically signifi-
cant difference (p > 0.05) between γeq values of GA samples from the
three groups studied: mean γeq varied from 36.5 � 5.6 mN/m for NRDS



Figure 2. Values of the maximal surface tension (γmax, mN/m) of control, NRDS
and CST groups.

Figure 3. Values of the minimal surface tension (γmin, mN/m) of control, NRDS
and CST groups.
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group to 39.1 � 7.0 mN/m for the CST group (Table 1, Figure 1). These
findings confirmed our previous data that the equilibrium surface tension
was not a reliable parameter for lung maturity assessment, since in vivo
the mechanism of the alveolar function was not performed in static
conditions [22].

The dynamics surface tension values proved to be appropriate pa-
rameters for AS functionality, since they represent the changes in alve-
olar surface area during breathing. Our results showed that the values of
maximal surface tension, achieved at 100% drop area, were higher in the
control group (52.0 � 5.0 mN/m), as compared to the infants with NRDS
(47.0� 6.5mN/m). The administration of CST lead to a decrease inmean
γmax (49.3� 5.1 mN/m) in comparison to data for the control group. This
value was intermediate between the groups tested (Table 1, Figure 2),
showing an improvement in this parameter. Moreover, the comparison of
the groups by pairs revealed statistically significant difference (Kruskal-
Wallis test) only between the control and NRDS groups (p < 0.05). It is
known that maximal surface tension is detected at the end of inhalation
where maximal surface area is achieved. This parameter reflects the
degree of re-adsorption and re-arrangement of the surface active mole-
cules of the alveolar surfactant at air-water interface during decom-
pression of the monolayers: higher γmax value indicates that more surface
active molecules are squeezed out from the interface during compression
forming reservoir of lipids and possibly proteins into the subphase [29,
30].

Among the surface tension values determined, the most important
and informative about the composition-function relationship of AS is
γmin. The classical model for surfactant function explains that AS in in vivo
conditions reaches γmin values near zero during exhalation, i.e. at
compression of the monolayer. The main function of the surfactant is to
prevent alveolar collapse at exhalation due to the dense packaging of the
surface active molecules at the air-water interface, which is manifested
by the low γmin values [31]. The comparison of the groups studied by
pairs indicated that the minimal surface tension values of GA of healthy
full-term children (control group) differs from the other two groups
studied. The test of Kruskal-Wallis showed that only this parameter gave
statistical significance (p < 0.001). CST group had an intermediate po-
sition between the other two groups: 13.8 � 4.9 mN/m, as compared to
6.9 � 2.3 mN/m for the control, and 19.6 � 6.1 mN/m for NRDS groups.
These results indicated an improvement of AS composition after the
therapy applied (Table 1, Figure 3). Our data confirmed that the induc-
tion of type II pneumocytes by corticosteroids increases the biosynthesis
of surfactant proteins and enzymes necessary for phospholipid synthesis
[16, 32, 33].

In addition to surface tension measurements by ADSA method, the
hysteresis curves shape was compared between the three groups studied
(Figure 4, Panel A). The graphs represent the dynamic changes in surface
Figure 1. Values of the equilibrium surface tension (γeq, mN/m) of control,
NRDS and CST groups.
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parameters during compression/decompression. It was obvious that the
administration of corticosteroids led to repeatable and intermediate
values of the dynamic surface parameters between the control and NRDS
groups during 10-fold cycling. There are two main indicative parameters
from the hysteresis curves shape, (Figure 4, Panel A): Δγ - the difference
of γ between initial maximal drop area (30 mm2) and minimal drop area
(5 mm2) and the total area of the hysteresis loop (A) of the three groups.
Both parameters logically decrease in the order: (Δγ, A of control group)
> (Δγ, A of CST group) > (Δγ, A of NRDS group).

To confirm our observation we analyzed the morphology of the same
samples by Brewster Angle Microscopy (Figure 4, Panel B). BAM provides
direct visualization of ultra-thin surface films at the air-water interface in
the absence of any fluorescent dye. The contrast in BAM images is due to
local differences in the monolayer refractive index caused by differences
in local molecular density or packing. Without surface film there is no
light reflection from the clean interface and the image is black. However,
in presence of surface active material the light is reflected by the film
giving contrasting brighter image. One of the main advantages of this
method is that it requires minimal volume of the sample and the short
time for the observation of the AS monolayer. As it is seen from Figure 4,
Panel B the images showed thick and dense surface film with clearly
visible network of contrast brighter domains in healthy full-term chil-
dren, without black areas (control), as a result of the optimal composition
of AS indicating lung maturity. In NRDS group the film observed was
extremely thin, loose, consisting of large black and dark grey areas
because of the lack of enough surface active material. The image



Figure 4. Panel A: Hysteresis curves (γ, mN/m vs. drop surface area, mm2) and Panel B: BAM images of GA samples from the group studied.
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representing the effect of CST confirmed the results for surface tension
measurements taking an intermediate position between the other two
groups: the film formed was thicker and more contrast, with less black
areas than NRDS group but without so large network of contrast brighter
area found in the control. As a result of GST larger bright AS domains
were observed due to higher surface active molecules concentration at
the air-water interface as compared to the samples from prematurely
newborns with NRDS.

4. Conclusions

Our results showed that several surface parameters of GA from the
pending drop method and BAM images differed between healthy full-
term infants, prematurely born children with NRDS, and risk neonates
after in vitro fertilization and corticosteroid therapy. The results revealed
some conclusion as follows:

(1). The values of the equilibrium surface tension (γeq) between the
control, NRDS and CST groups showed no statistically significant
difference (p > 0.05).

(2). Maximal surface tension (γmax) of CST takes an intermediate po-
sition between the control and NRDS groups showing an
improvement of AS properties as a result of the therapy applied.

(3). The comparison of the groups studied indicated that only γmin
showed statistically significant difference (p< 0.001) between the
values of GA of healthy full-term children (control group) and
other two groups as well as between NRDS and CST groups
showing the positive effect of the corticosteroid therapy.
4

(4). The hysteresis curves after 10-fold cycling of the drop illustrated
the potential of two parameters for lung maturity assessment: Δγ -
the difference of γ between maximal and minimal drop area
during compression/decompression and A - hysteresis loop area,
both decreasing in the order: (Δγ, A of control group) > (Δγ, A of
CST group) > (Δγ, A of NRDS group).

(5). BAM images of GAs monolayers from the control group showed
thick and dense films with surface domains as a result of better
surface characteristics and AS composition. In contrast, the
monolayers from NRDS group were thin, homogenous without
surface aggregates due to the lung immaturity. As a result of
corticosteroid therapy phospholipids biosynthesis was increased
and visualized by BAM images as larger bright AS domains than in
NRDS group.

(6). The effect of the corticosteroid therapy applied to prematurely
born babies after in vitro fertilization and multiple pregnancy
showed activation of alveolar surfactant biosynthesis in risk
newborn children.

(7). The results proved that Brewster angle microscopy, along with
ADSA of a pending drop give reliable information on lung matu-
ration using GAs as clinical samples from neonates.
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