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sugar intake
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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Maternal nutritional status before and during gestation is funda- These results highlight the influence of sugar consumption in the
mental for fetal growth and newborn weight. However, there is still maternal diet on neonatal lung development and maturity, specifi-
no information that relates fetal lung development to sucrose con- cally on elastic fibers and collagen essential for alveolarization and
sumption. lung function.
Abstract Keywords:
Hypercaloric Diet;

Respiratory conditions are the most common reason for admission to the neonatal unit for both Lung Immaturity;
term and premature newborns. It is known that nutritional imbalances during pregnancy affect the  Rat;

maturation and functional capacity of organs. Objective: to describe the pulmonary histomorpholo- Newborn;

gy of newborn rats due to maternal sugar intake by light microscopy. Material and Method: Twenty Sucrose
4-week-old female Wistar rats divided into control and experimental groups with sucrose before and

during pregnancy were used. At week 15, the females mated with males overnight. We recorded va-

lues from the body and lung weight of the newborns. The lungs were stained using Hematoxylin and

Eosin, Masson’s trichrome, Periodic acid-Schiff, and Verhoeff. Results: Newborns from the experi-

mental group presented significantly lower body and lung weight (6.980 + 0.493* g, 0.164 £ 0.022% g;

*p < 0,05) compared with controls (7.854 £ 0.497 g, 0.189 + 0.005 g). The lungs of the experimental
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group showed structural alterations in the lung parenchyma, as well as changes in glycogen deposits,
collagen fibers, and elastin compared with the control group. Conclusion: Alterations in newborn
lung growth and development are associated with maternal sucrose intake. It is important to re-
member that interventions on the maternal diet have beneficial effects for both the mother and the

newborn.

Introduction

In newborns, respiratory diseases are the main cau-
ses of morbidity and mortality'. Therefore, in recent
decades, there has been considerably increased interest
in the different ways the environment can influence
children’s health?, specifically on the impact of envi-
ronmental exposures on lung growth and function’.

Lung development is a multi-stage process based
on biochemical, mechanical, and anatomical events
that span all gestational ages®. It is important to men-
tion that the lung has a limited potential to recover
from prenatal aggressions and present long-term con-
sequences’. The evidence establishes that adverse en-
vironments such as poor maternal nutrition trigger
structural and functional changes in different fetal or-
gans®, especially the lung, which is susceptible to this
stimulus and’, as a result, the fetus tries to adapt to
changes in its physiology and metabolism in response
to adverse microenvironments with limited or exagge-
rated nutrient and oxygen supply®. The consumption
of sugar-rich foods before and during pregnancy in-
creases the risk of gestational diabetes, preeclampsia’,
and preterm delivery™. It is also stated that a maternal
fat-rich diet causes placental insufficiency, fetal growth
restriction, and inhibition of pulmonary develop-
ment'!. The objective of this study was to describe the
morphological changes in the lung of newborns born
to mothers who consume sugar during pregnancy.

Material and Method

The study was performed on Wistar rats from the
Laboratory Animal Facility of the National Institute
of Respiratory Diseases. The animals were maintai-
ned under conventional conditions of temperature,
humidity, a light cycle of 12 hours, and allowed free
access to rat food (Harlan 2018 Tecklad Global, 18%
protein rodent diet) and drinking water. The animals
were handled according to the technical specifications
for the care and use of laboratory animals of the Nor-
ma Oficial Mexicana'? and the USA Guide for Care and
Use of Laboratory Animals 8th edition (NRS 2011)".

Twenty female Wistar rats weighing approximately
65-80 gr and 12 young-adult males of the same bre-

ed and origin were used for mating. After one week of
acclimatization, the females were randomly assigned
to a control group that had free access to a commer-
cial laboratory rat diet + drinking water (n = 10); and
to an experimental group, which had free access to a
commercial diet + high sucrose diet with 30% sucrose
solution (30 g of sucrose in 100 ml of drinking water as
the only drink) (n = 10). Females remained on this diet
before mating and during gestation.

After 15 weeks on their respective diets, females
from both groups were placed at a 2:1 female/male ra-
tio overnight for mating. The following day, the pre-
sence of spermatozoa was verified by vaginal smear
and was defined as day zero of gestation. On day 22
of gestation, the mothers were kept fasting, and body
weight was recorded (Ohaus PA4101 Pioneer Plus di-
gital precision scale). After delivery, the newborns were
weighed on a precision scale (Denver instrument MXX
model-123, Denver Instrument Inc, NY, USA). Of the
neonates, nine from each group were randomly selec-
ted and were euthanized by decapitation.

Subsequently, the lungs were removed, weighed,
and fixed by immersion with 10% buffered formalin.
After 48 hours of fixation, nine slices between 5-7 pm
thick were made (Reichert HistoStat rotary microto-
me) for each lung sample, and then histological stai-
ning was performed. Hematoxylin and eosin (H&E)
staining was used to evaluate the morphology of the
lung parenchyma; periodic acid-Schiff (PAS) for glyco-
gen detection by color intensity; Masson’s trichrome
stain for collagen analysis; and Verhoeff’s staining was
used for elastin visualization.

The nine lung tissue sections were analyzed by
light microscopy for morphological evaluation, and
the findings of the experimental group were compa-
red with the control group. Blind image analysis was
performed by the same investigator, and five fields of
view were randomly selected for photography. Images
were digitized using a high-resolution digital came-
ra (Hitachi KP-D580) placed on a microscope (Zeiss
Axioskop) equipped with 2x/0.10, 10x/0.52, 40x/0.65,
and 100x/1.25 immersion oil objectives.

Statistical analysis
Descriptive statistics were performed for quantita-

tive variables (body and lung weight); arithmetic mean
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was used to measure central tendency and standard
deviation of the mean as a measure of dispersion. The
results were expressed as mean = SD. Subsequently,
SPSS version 21 was used for the statistical analysis.
Regarding inferential statistics, the unpaired Student’s
t-test was used to compare the parametric quantitative
variables between the two groups. The significance le-
vel was established with a value (p < 0.05).

Results

Table 1 shows the body and lung weights of the offs-
pring whose mothers were subjected to sucrose ingestion.

Mammalian lung development has well-defined
stages that chronologically describe the morphological
changes from the embryonic stage to maturity'. In the
lung samples of the control group stained with H&E,
normal architecture was observed with the presence of
alveoli, terminal bronchioles, and alveolar ducts ending
in alveolar sacs. The surrounding mesenchymal tissue
condensed forming primary septa with cells in their in-
terstitium, and multiple secondary rete ridges were ob-
served that form the primitive alveoli (Figure 1A).

Regarding the lung morphology of the experimen-
tal group, there was a collapsed lung structure and
massive widening and elongation of airspace, resulting
in a reduction of mesenchymal tissue. However, alveo-
lar wall thickening was still present, as well as irregular
and small air spaces (Figure 1B).

In the control group, PAS reaction showed lower
lung glycogen content, with dilated air spaces and a thin
alveolar wall lined by more differentiated epithelium
(Figure 2A). In contrast, in the experimental group,
glycogen deposits were observed with greater intensity
in alveolar wall cells in newborn lungs (Figure 2B).

Regarding the evaluation of essential collagen for
maintaining lung structure, the control group showed
normal deposition in the alveolar interstitium and
lung parenchyma (Figure 3A). The experimental group
showed more significant accumulation in the pulmo-
nary artery and parenchyma (Figure 3B).

On the other hand, elastin fibers in the lung of the
control group were mainly located at the apex of the
secondary rete ridges and in the mesenchyme surroun-
ding the distal airways developing before alveolariza-
tion (Figure 4A); in contrast, the lung of the experi-
mental group showed reduced expression of elastin
fibers and was limited to the mesenchyme surrounding
the distal airways (Figure 4B).

Discussion
Respiratory disorders are the most frequent cause
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of admission to the neonatal intensive care unit in both
term and preterm neonates'®. Thus, during prenatal
lung development, maternal nutrition plays a key role
in altering lung growth mechanisms'é; however, there
is little information that relates newborn lung develop-
ment to maternal sucrose intake.

This study demonstrated that abnormal lung de-
velopment is associated with maternal sucrose intake.
We noted a lower mean body weight of newborns in
the experimental group compared with those of the
control group, which is consistent with previous stu-
dies. Likewise, experimental results associate mater-
nal carbohydrate intake with fetal and placental size'®.
On the other hand, maternal malnutrition is known to
cause dysregulation of placental glucose transporters,
consequently limiting fetal nutrient availability and
causing impaired growth'. It is important to empha-
size that poor fetal growth and low birth weight are as-
sociated with an increased risk of glucose intolerance,
type 2 diabetes, metabolic syndrome, and cardiovascu-
lar disease in adulthood®.

It is also relevant to mention that lower lung weight
was observed in the experimental group compared
with the control group. This suggests the possible loss
of stimuli to lung growth and differentiation during
prenatal and early postnatal development. Specifically,
caloric restriction during cellular hyperplasia produces
alterations in lung growth which can be identified by a
lower number of cells in some organs during the neo-
natal period®'.

Regarding the pulmonary morphological evalua-
tion of the newborns of the experimental group, they
showed alveolar collapse, alveolar wall thickening, and
cellularity increase. In relation to this, experimental
studies indicate that maternal hyperinsulinemia cau-
ses a delay in fetal pulmonary maturation* and a de-
ficiency in the synthesis and secretion of surfactant®.
It is worth mentioning that, in experimental models
and humans, sucrose intake causes insulin resistance?,
hyperinsulinemia, and hyperlipidemia®.

On the other hand, arterial hypertension secondary
to sugar intake is* strongly related to the risk of pree-
clampsia, consequently altering vascular growth in the
maternal-fetal pair and preventing proper airway de-

Table 1. Newborn lung and body weight

Groups Body weight (g) Lung weight (g)

Control 7.854 +0.497 0.189 + 0.005

Experimental 6.980 + 0.493* 0.164 + 0.022*

Values are expressed as mean + SD, *p < 0.05 compared
to group | control, n = 9.
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Figure 1. A: Photomicrograph of lung tissue section of the control group. Alveolus (A), alveolar sac (SA), terminal bronchiole (BT), bronchiole (B),
alveolar duct (DA), mesenchyme (m), secondary ridges (arrowhead) and thin alveolar wall (arrow).10x, H-E staining. B: Photomicrograph of lung
tissue section of the experimental group. Compact lung structure, thickened alveolar wall (arrowhead), mesenchyme (m), widening and lengthening

of airspace (asterisk). 10x, H-E stain.

Figure 2. A: Photomicrograph of lung tissue section from the control group. Normal glycogen is observed in lung parenchyma (arrows). 40x, PAS

stain. B: Photomicrograph of lung tissue section from the experimental group. Increased glycogen in epithelial cells (arrows). 40x, PAS stain.

velopment of the neonate?”. Therefore, we believe that
the metabolic and hormonal changes suffered by the
mother due to sucrose intake delay the pulmonary de-
velopment of the newborn.

Another important finding was the presence of
pulmonary glycogen in the newborns of the experi-
mental group. It is known that glycogen is the source
of energy, and its synthesis begins in the ninth week of
gestation in the human embryo, but the levels slowly
decrease as the fetus approaches term. This indicates
the relationship between lung glycogen and its functio-

nal maturation in the newborn?. It is clear that, un-
der physiological conditions, the pulmonary glycogen
content decreases, while in pathological conditions, its
presence becomes more evident®. Therefore, we assu-
me that glycogen accumulation has a negative impact
on lung maturation and surfactant production since
the degradation of glycogen to glucose generates the
glycerol chains required for the surfactant synthesis.
mbnMasson’s trichrome staining showed an in-
crease in pulmonary collagen deposition in the new-
borns of the experimental group. This result is relevant
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Figure 3. A: Photomicrograph of lung tissue section from the control group. Normal collagen deposition in lung parenchyma (arrow). 40x, Masson’s
trichrome stain. B: Photomicrograph of lung tissue section from the experimental group. Abnormal accumulation of collagen in parenchyma and
pulmonary artery (arrows). 40x, Masson's trichrome stain.

Figure 4. A: Photomicrograph of lung tissue section from the control group. Elastins organises in the secondary alveolar septa (arrows). 20x,
Verhoeff's stain. B: Photomicrograph of lung tissue section from the experimental group. Evident disorganisation and abnormal elastin deposition
in the lung interstitium (arrows). 20x, Verhoeff’s stain.
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since collagen is a component of the pulmonary ex-
tracellular matrix® and provides mechanical stability
during the physiological function of the lung®'. In this
case, increased collagen deposition may lead to stiff
and fibrotic airways in the neonatal lung*. In addition,
studies in several animal models have shown increased
collagen production and lung stiffness associated with
bronchopulmonary dysplasia®.

We believe that transforming growth factor-beta
(TGEF-B) is implicated in this outcome since it is an
inducer of collagen expression and several respiratory
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diseases involving inflammation and remodeling®*. On
the other hand, maternal exposure to a hypercaloric
diet during pregnancy imposes a high intake of advan-
ced glycation end products generated through non-
enzymatic reactions®. Such molecules cause alveolitis,
fibroblast proliferation, abnormal interstitial collagen
deposition, and pulmonary fibrosis®.

Elastin synthesis begins at the pseudoglandular sta-
ge and is associated with areas where airways branch
throughout lung development and subsequently in-
crease during the following periods of fetal develop-
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ment and peaks during alveolarization in the neonatal
stage. It is also known that vascular compartments,
conducting airways, and alveoli require elastic symme-
try to undergo repeated distension and recoil throug-
hout the life of the lung”.

Our results show a reduced expression and disor-
ganized deposition of elastin in the lung of the new-
born in the experimental group. Alterations in elastin
deposition are known to affect alveolarization and lung
function. This was confirmed in a model of postnatal
rat hyperoxia showing reduced elastin expression, elas-
tin fiber breakage, and lung maturation arrest®®*. It is
important to mention that elastin is a vital component
of lung structure that allows expansion and recoil of
the parenchyma. This elastic fiber is mainly deposited
in the apex of the secondary rete ridges during alveola-
rization and in the mesenchyme surrounding the dis-
tal airways before lung development. It should also be
considered that insufficient elastin affects the growth of
blood vessels associated with growth in new or existing
tissues leading to lung growth arrest and impaired res-
piratory function®. Therefore, these findings suggest
that pulmonary elastin deposition in the newborn is
compromised by maternal sucrose intake, implying al-
veolar reduction and delayed lung development.

This study has limitations that should be consi-
dered. First, we had a small number of newborns in
our experiment, although it should be noted that this
is a preliminary study testing the feasibility, equip-
ment, and methods for our larger-scale research de-
sign. However, an increase in the number of animals
could be established to obtain more data and achieve
the research objectives. Investing in planning and ex-
perimental design guarantees that the information ob-
tained will be sufficient and of high quality. Second,
despite the basic staining techniques used in this work,
we found significant findings. Therefore, we believe it
is convenient to compare the relevance of our results
with other experimental techniques. Our working
group intends to approach the determination of pul-
monary surfactant by molecular testing since adequate
production of pulmonary surfactant is important for
newborn survival.

In the prematurely developed newborn lung, pul-
monary surfactant deficiency is thought to cause res-
piratory distress syndrome, considering the study of
the placenta as a transient organ that exchanges a wide
range of nutrients, endocrine signals, cytokines, and
growth factors to ensure fetal growth and develop-
ment. In addition, it is our interest to determine mito-
chondrial functionality as a fundamental mechanism
of organ maturation failure in premature infants and
intend to implement image analysis by fractal dimen-
sion to quantify and characterize the extracellular ma-
trix in the lung of the newborn rat.

ORIGINAL ARTICLE

In conclusion, according to lung histomorpholo-
gy, we demonstrate that alterations in newborn lung
growth and development are associated with maternal
sucrose intake. In this sense, we know that lung archi-
tecture is established early in life, and nutritional status
has the potential to induce alterations in lung structure
and function throughout life. It should be mentioned
that maternal nutrition has important consequences
on neonatal lung maturation through its influence on
placental development and fetal growth.

It is worth noting that this model can be used in
future studies to explore the development of respira-
tory disorders in early life and adulthood due to the
influence of sugars. Although more research is needed,
we believe that maternal sugar intake is a health ha-
zard for developing newborns. Therefore, it is crucial
to promote public health interventions to control the
excessive intake of high fructose beverages and flours
and encourage healthy habits. Special attention is also
needed for one of the most vulnerable groups of the
population, namely women in the reproductive stage
and pregnant women.
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