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Quantification of Mouse Lung Elastin During Prenatal Development
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Abstract: Elastic fibres play a crucial function during the process of lung alveolisation. During the perinatal period, any
changes in the elastogenic process during foetal development may result in permanent lifetime defects. In pre-natal life,
well-developed pulmonary elastic fibres should favor the pre-natal maturation of the lung and an enhanced alveolisation,
which in many species, such as humans begins only after birth. The authors present a quantitative study by image analysis
and by high-pressure liquid chromatography (HPLC) of the mouse lungs’ elastic fibre content from the 15th till the 19th
gestational day.
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INTRODUCTION

The role played by elastic fibres in normal septal devel-
opment through out the process of lung alveolization is an
extremely vital and important one. The function of the elastic
fibres as one of the structures supporting the secondary septa
during the alveolisation period has been suggested by the
temporal association between the appearance of bundles of
elastic fibres at the tips of the secondary septa and the forma-
tion of new alveoli [1-3].

During the perinatal period, factors disturbing elastin
synthesis or the assembly and maturation of elastic fibres
lead to respiratory failure, not only due to the collapse of the
mechano-expansive properties of the lung, but also because
of abnormal lung development with deficient distal branch-
ing and alveolisation [4-8]. In pre-natal life, well-developed
pulmonary elastic fibres should favor the pre-natal matura-
tion of the lung and an enhanced alveolisation, which in
many species, such as humans begins only after birth.

During foetal development, elastin is expressed in a tem-
porally and spatially regulated pattern [9-12]. This fact,
along with elastin’s slow turnover makes it so that any
changes in the elastogenic process during foetal development
may result in permanent lifetime defects.
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In order to better understand the role of the pulmonary
elastic fibres’ system in lung physiology and pathophysiol-
ogy, it is vital to know the fibers content and proportions,
from an early foetal age. The authors present a quantitative
study by image analysis and through the chemical determina-
tion of desmosine and isodesmosine through HPLC analysis
of the mouse lung’s elastic fibres throughout pre-natal de-
velopment, from the 15™ till the 19™ gestational days. This
period comprises the pseudoglandular, canalicular and ter-
minal sac periods of mouse lung development [13].

MATERIALS AND METHODS
Animals

Adult mice from the ICR strain purchased from “Inter-
fauna-Iberica- Harlan®” weighing 25 g to 35 g were main-
tained in a standard diet and water ad [libitum. The females
were mated overnight, for a period of 15 h, in a polygamic
regime. In the following morning the females presenting a
vaginal plug were caged separately; this day was considered
to be day 0 of gestation.

The gestation period of the IRC mice strain is 19 days.
Our study occurs during this pre-natal period.

From the 15™ gestational day to the 19" day of gestation,
daily, four pregnant mice were deeply anaesthetized through
an intramuscular injection of ketamin and xylazin (50mg/kg
each) and the foetuses were collected and dissected. Foetal
lungs were removed from the thorax and either fixed by im-
mersion in a 10% formaline solution in 0.1 M phosphate
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buffer, or washed in a saline solution, weighed and freezed at
-80 °C until biochemical processing.

Quantification of Lung Elastin by Image Analysis

The processing of the material for image analysis was
performed according to Gongalves et al. [14].

For the quantification by image analysis, for each gesta-
tional day studied, four lungs belonging to two foetuses from
different litters with different progenitors were selected. Af-
ter a 6 to 12-hour fixation period, the foetal lungs were proc-
essed and paraffin embedded individually and cut in 4-um-
thick serial sections. From each block, two consecutive sec-
tions with paracoronal representation of all pulmonary lobes
were chosen. One section was stained with the haematox-
ylin-eosin method (H-E), the other with the Gomori alde-
hyde-fucsin method for elastic fibre staining [15] omitting
the nuclear counterstaining step. The slides were analysed
with a Joyce-Loebl Mini Magiscan (Joyce-Loebl, Ltd,
Gateshead, England) computerized image analysis system.
The components of the image system included a video cam-
era, Sony CCD AVC D-5CE, connected to a Nikon-Optiphot
microscope with an x40 apochromatic lens (0.85 N.A.) and a
computer with the Genias software (Joyce-Loebl, Ltd.), with
a resolution of 512 x 512 pixels, which could discriminate
between 64 different gray levels.

For each slide five images were acquired both in the
Gomori stained sections and in the H-E ones, in a total of 40
images per studied day, 20 for each staining method.

The digitalized images were converted into binary im-
ages after selecting the suitable segmentation level. The bi-
nary images obtained from the Gomori stained slides were
used to calculate the percentage of the area occupied by the
elastic fibres. From the images acquired from the H-E
stained slides we obtained binary images that allowed us to
calculate for each field the percentage of the area occupied
by the pulmonary tissue. By dividing the number of pixels
corresponding to the area occupied by the elastic fibres by
the number of pixels representing the area of the lung tissue
we obtained the elastic fibres’ volumetric density [16].

Desmosine and Isodesmosine Quantification by HPLC
Preparation of the Stock Solutions

One desmosine and one isodesmosine (EPC-Elastin
Products CO., Inc.) stock solutions were prepared in 0.01M
hydrochloric acid with a final concentration of 2 pmol/ml.

Aliquots (0.1ml) of desmosine and isodesmosine solu-
tions and of a standard mixture of aminoacids (Sigma AA-S-
18) at a concentration of 2.5 pmol/ml were diluted into 2 ml
with 6M hydrochloric acid and processed according to the
cellulose minicolumn method [17], which will be described
later.

Elastin Extraction

After being weighed, the lungs were collected, frozen,
lyophilised, and dried at +40° C under vacuum. Because of
the small dimensions of the foetal lungs, for each analysed
day a pool of lungs representing 23 to 34 individuals, be-
longing to four different litters were made (see Table 1).
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Dried lung samples were homogenized in 2 ml of water
for 30 seconds at +4°C. The homogenate was mixed with an
equal volume of a 10% (w/v) cold trichloroacetic acid (TCA)
solution and centrifuged at 9000g for 10 minutes at +4°C.
The supernatant was discarded and the residue treated with 5
ml of 5% TCA at +90°C for 30 minutes for the collagen to be
extracted [18]. This material was centrifuged at 9000g for 10
min. at +4°C, and the supernatant discarded. The TCA ex-
tracted residue was washed twice in 2.5 ml acetone, followed
by centrifugation at9000 g. The residue was dried at +60°C
under vacuum, and this final product constitutes a sample of
protein with an elevated percentage of elastin.

Elastin Hydrolysis

Hydrolysis of the elastin from the samples and the stan-
dards was performed under an argon atmosphere in flamed-
sealed vials with 6M hydrochloric acid at +120°C for 48
hours.

Desmosines Purification by a Cellulose Minicolumn

The isolation of desmosine in an almost pure form was
attained by using a small column of cellulose [17]. Minicol-
umns were made from disposable plastic Pasteur pipettes by
cutting off the top hemisphere of the bulb, which became a 4
ml solvent reservoir. The tip of the pipettes was plugged
with a small quantity of fibreglass. A slurry was prepared by
mixing 1g cellulose with 20 ml of the mobile phase, n-
butanol: acetic acid: water (4: 1: 1). The previous hydrolyzed
sample was mixed in order of addition with acetic acid (0.5
ml), cellulose slurry (0.5 ml), and n-butanol (2 ml). This
mixture was introduced in the previously prepared column
and the vial washed with 1.5 ml mobile phase, which was
also transferred to the column, and then eluded with 2 ml of
mobile phase. The desmosine and isodesmosine were eluted
from the column with 5 ml of pure water. The aqueous frac-
tion containing the desmosines was lyophilised before analy-
sis in order to remove residual butanol and acetic acid and to
concentrate the sample.

Precolumn Derivatization of Desmosines

The precolumn derivatisation of desmosines was carried
out according to a slight modification of the method of
Guida and colleagues [19]. The previous lyophilised sample
was dissolved in 1ml of hydrochloric acid, 0.01M. 100 pl of
0.5M sodium hydrogen carbonate in HPLC-grade water, and
100 pl of 20 mM Dansyl (DNS) chloride in acetone were
added to 100 pl of the sample. After 40 minutes at +65°C in
the dark, the derivatization mixture was diluted to 1ml with
the mobile phase. The same derivatization procedure was
carried out for the working standard solution. Volumes of
100 pl of derivatization mixtures were injected into the
chromatograph.

Chromatographic Separations by HPLC

Chromatographic separations were performed using an
HPLC system, in which the loop was substituted for a
Guard-Pak C18 module used as a precolumn and as an on-
column enrichment sample device [19] and separated on a
Spherisorb S5 ODS (150x4 mm, ID) column. In brief, des-
mosine and isodesmosine concentrations were determined by
reverse-phase HPLC with a binary gradient elution: a mobile
phase A, which was a 85: 15 (v/) mixture of 25 mM potas-
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sium dihydrogenphosphate and 25 mM acetic acid: acetoni-
trile, and a mobile phase B, the same mixture but in a 40: 60,
v/v, proportion. The mobile phases were degasified and the
pH adjusted to 7.2. The mobile phases were held first at a
gradient of 70% phase A and 30% phase B for 10 min, and
then to 65% A — 45% B for 15 min at a constant flow rate
of 2 ml/min.

The detector was adjusted to read at 254 nm, and quanti-
fication was performed by external calibration. The calibra-
tion curve was constructed by analysis of standard solutions
containing scalar amounts of desmosines from 10 pmol/ml to
100 pmol/ml.

Statistical Analysis

The data are expressed as mean + standard error (SE).
The normal distribution of image analysis data obtained each
analysed day was checked using the Kolmogorov-Smirnov
normality test provided by “StatView® v.5.0” program (SAS
Institute Inc.). The effect of gestational age upon mor-
phometric and biochemical analysis was studied using
ANOVA and by Scheffé’s multiple comparison test. Differ-
ences were considered significant at P<0.05. Correlation
analysis was also made.

RESULTS
Light Microscopy Observation

By means of the used histological method, we demon-
strated in a very selective way with no background staining
the presence of elastic fibres in foetal lungs, even the most
sparse and fine ones, as can be observed in Figs. (1A,2).

In 15-days-old foetuses the lung had the characteristic
morphology of the pseudoglandular stage of development,
with a main lobar bronchial tube branching in a system of
secondary and terminal ducts, surrounded by undifferenti-
ated mesenchyme (Fig. 1). Pulmonary elastic fibres were
seen only in association with the mesenchyma — prospec-
tive muscle layer — that closely envelops the bronchial
tubes and in the secondary tubes at a short distance from
their emerging point. The elastic fibres associated with the
future respiratory tree were thin, short and poorly branched,
sometimes forming a delicate, almost undetectable web.

Fig. (1). Histological images from day 15 of gestation (a) to 19 day
(e), the last day of gestation. H&E staining. Barr 100 pm.

In contrast, the larger vessels, particularly arteries, were
surrounded by a well-defined ring of elastic fibres delineat-
ing the prospective elastic membranes (Fig. 1A). In the lungs
from the 16™ gestational day there is a strong increase in
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pulmonary elastic fibres, both in number and thickness, but
only remaining in association with main and secondary
bronchial tubes.

Fig. (1A). Histological image from a fetal lung on the 15th day of
gestation stained by Gomori method. Elastic fibers of the bronchial
tube (BT) wall are much thinner than around vessels (V). Note the
delicate fibers between the two structures. Barr=25 um.

By the 17™ gestational day there was a strong change in
the elastic fibre pattern in comparison with the other days.
Apparently, there was not only a strong reduction in terms of
quantity, but also the ones that could be seen were appeared
disorganised and fragmented. This aspect was all the more
unexpected as the lungs from the 18" day revealed a well-
developed elastic fibre web, which although apparently dis-
continuous, extended from the main lobar tube to the termi-
nal ducts and to the emerging walls of the septa of the primi-
tive alveolar saculli which begin to form at this stage of de-
velopment. The lungs from the last gestational day showed
an increase in the number and thickness of elastic fibres,
particularly in the septa of the prospective alveolar sacs (Fig.
2).

1
Fig. (2). Histological image from a foetal lung on the 19th day of

gestation stained by Gomori method. Elastic fibers are well devel-
oped and surround the primitive saculli. Barr=10 pm.

Elastic Fibre Quantification by Image Analysis

The results of the quantification of the fractional area
occupied by the elastic fibres for each analysed day are
shown in Fig. (3).
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Fig. (3). Quantification by image analysis of the area occupied by
elastic fibres in lungs from foetal mice between the 14th and the
19th days of gestation. Data for each day is the mean + SE value of
20 image measurements acquired from 4 lungs from 2 different
litters.

15th 16th 17th 18th 19th
1.14 2.266 1.002 2.823 4326
(0.033) (0.073) (0.032) (0.06) (0.074)

Age effect p<0.0001.

By the 15™ gestational day pulmonary elastic fibres cor-
respond in mean to 1.14% of the total area of the fields ob-
served, a figure that almost duplicates in the lungs from 16
day-old foetuses. At day 17 there was an abrupt decrease in
the elastic fibre area, decreasing from about 2.23% to only
1.00% of the analysed microscopical fields. From this day
onwards, there was a consisting increase in the elastic fibre
fractional area which reached 4.33% on the last gestational
day. The multiple comparison tests revelled significant dif-
ferences (p<0,0001) between values of all analysed days
except for the pair 15th-17th day.

The results of the quantification of the fractional area of
the pulmonary tissue during pre-natal development are repre-
sented in Fig. (4).
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Fig. (4). Quantification by image analysis of the area occupied by
pulmonary tissue in lungs from foetal mice between the 15th and
the 19th days of gestation. Data for each day is the mean + SE value
of 20 image measurements acquired from 4 lungs from 2 different
litters.
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15th 16th 17th 18th 19th
81,293 83.356 79.773 76.618 57.561
(0.384) (0.590) (0.443) (0.611) (0.393)
Age effect p<0.0001.

As one can see, there was a consistent reduction of the
pulmonary tissue area from day 16 onwards, a slight one for
the first two analysed days (p=0,07), and then remaining
prominent for the rest of gestation (p <0.002). The
analysis of the elastic fibres’ volumetric density during ges-
tation, i.e., the relative area of pulmonary tissue that is occu-
pied by elastic fibres, is shown in Fig. (5). At the 15" gesta-
tional day, the elastic fibres in foetal lungs occupied about
1.40% of lung’s tissue, a figure that went as high as 7.52%
by the end of gestation. It should be stressed that by the 17
day of gestation there was a sudden decrease in the relative
amount of elastic fibres, their volumetric density reaching
values close to the ones observed by day 15 (p=0,86). As
expected, there was a strong positive correlation, (#=0.99),
between the absolute and the relative amount of elastic fi-
bres.

8 7

7

Volumetric density (% )
H
1

15 16 17 18 19
Gestational age (days)

Fig. (5). Quantification by image analysis of the volumetric density
of elastic fibres in lungs from fetal mice between the 14th and the
19th days of gestation. Data for each day is the mean value of 20
image measurements acquired from 4 lungs from 2 different litters.
Age effect p<0.0001.

Desmosine and Isodesmosine Quantification by HPLC

The biochemical quantification of desmosine and
isodesmosine from the 15" to the 19" gestational days can be
seen in Fig. (6). The values are expressed in pmols of des-
mosine and isodesmosine per mg of lungs, wet weight. Since
there is evidence that there occurs a several-day delay be-
tween tropoelastin deposition and the conclusion of cross-
linking with the formation of mature elastin [20-22] we re-
port our results in quantity of desmosines without converting
them to elastin equivalents.

The multiple comparison tests revealed significant differ-
ences (p<0.006) between values of all the days analysed,
including the 15th-17th day pair, although it presented the
smallest significative difference (p=0.006).

There was a strong positive correlation between the des-
mosines concentration values obtained by HPLC and elastic
fibres volumetric density determined by image analysis
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Fig. (6). Quantification by HPLC of desmosines concentrations (per
wet weight) in mice foetal lung between the 15th and the 19th days
of gestation. Data for each day is the mean + SE value of 3 con-
secutive determinations from a pool of lungs representing 23 to 34
individuals.

15th 16th 17th 18th 19th

0.131 (0.005){0.345 (0.006){0,203 (0.004)(0.391 (0.004)|0.611 (0.001)
Age effect p<0.05.

(r=0,97). The coefficient of determination (r*) of the regres-
sion analysis “concentration of desmosines vs volumetric
density of elastic fibres” was 0.934 (Fig. 7).
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Fig. (7). Linear regression analysis of the results of quantification
of elastin obtained by image analysis and HPLC. There is a signifi-
cant linear correlation between the two methods (y=-1.13+13.23x;
1=0.93; p<0,0001).

DISCUSSION

Elastic fibres are an essential element not only in respira-
tory physiology, but also for the lung’s perinatal morpho-
genesis [1, 5, 10, 23]. The complete disruption of tropoe-
lastin gene expression results in defective lung development,
with distal branching defects and emphysematosous-like
morphology, as well as a 100% postnatal mortality [6].

In this study we carried out a quantitative evaluation
pulmonary elastic fibre of the mouse development from the
15™ till the 19" gestational days, a period that comprises the
later stage of the pseudoglandular phase, the canalicular
phase and the beginning of the terminal sac period [13].
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Because of the elastic fibres’ physical and biochemical
characteristics, namely their hydrophobic nature, insolubility
and the heterogeneous and complex nature of the microfibril-
lar component and associated elements, the biochemical
quantification of elastin is considered technically hard and
poorly reproducible [5, 24]. The methodology here described
proved reliable although time and sample wasting. Because
of the small size of the mouse foetal lung and its expected
elastin-poor content, a pool of lungs was made for each day
analysed, rendering it impossible to analyse the variability
between individuals. However, the variability and distribu-
tion parameters used for the data obtained from the image
analysis quantification revealed low inter-animal and inter-
litter differences. This fact should reflect in part the systema-
tized management of the animals and of experimental proce-
dures throughout the essay.

The staining method chosen for image analysis enabled a
fine discrimination of the elastic fibres, so that the image
analysis system was able to capture and process only what
was intended for quantification. This technique combines
morphology and quantity and allowed us to separate the elas-
tic fibres system of the developing pulmonary tree from the
elastic tissue present in the main lobar vessels, which proved
impossible by the chemical method. We should emphasize
that the staining principle of elastic fibres is related to the
hydrophobic sequences of tropoelastin and elastin molecules,
which are not involved in cross-linking [25], whereby the
elastic fibre degree of maturation should not interfere with
its quantification.

During the period analysed, one could notice a continu-
ous increase in the elastic fibre area’s fraction and volumet-
ric density, which was particularly intense on the last two
days of pregnancy, and disturbed only by a sudden and un-
expected decrease on the 17™ gestational day, when elastic
fibre levels fell to values close to the ones obtained at the
15™ day. This data was confirmed by the HPLC quantifica-
tion of desmosines. Thus, we can assume that in foetal
mouse lungs an elastolitic process occurs between the 16 and
17 days, which agrees with the morphological characteristics
of the fibres at this day — sparse and fragmented-looking.
During the lung’s morphogenesis there is a time and space-
regulated expression of several matrix metalloproteinases
(MMP). Although most studies concentrate on the role of
MMPs in tubular basement membrane and vascular remodel-
ling [26-29], we cannot forget that several of these enzymes,
such as MMP-2, MMP-3, MMP-7, MMP-9 and MMP-12,
have elastolytic properties [30, 31]. During the 17" day, the
foetal lung suffers a major remodelling process, with an in-
tense tubular branching that is characteristic of the tubular
phase, as well as intense cellular activity preliminary to the
sacular phase [32]. In this context it is not surprising that
some of the MMP-activity and these enzymes released near
to tubular basement membranes also hydrolyse the nearby
elastic fibres.

By the end of gestation, we could observe a remarkable
increase in pulmonary elastic fibres. This data agrees with
previous reports [6, 9, 12, 33, 34], relating both biochemical
quantification [33] and in sifu hybridisation to tropoelastin
mRNA [6, 9, 12, 34], made in different species.
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In a previous work, we reported the quantification of
elastin in mice during the alveolization period, from post-
natal day 0 until the 21* day of life [14]. The data presented
here refers to the pre-natal elastogenesis of lung and, as we
can see, from the 15™ day of gestation onwards lung elastin
content undergoes great daily variations, due to the remodel-
ling and growth of the respiratory tree and to the epithelial-
mesenchymal interactions and possibly to the matrix metal-
loproteinases’s synthesis and activity, a matter that points
towards the need for further research in the near future.
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