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ABSTRACT

Introduction: Acrylamide (ACR) is an environmental pollutant that is present in surrounding environment and Western-style
carbohydrate-rich foodstuff and tobacco smoke.

Aim of the Study: The aim of the study was to assess the potential histological changes in the lung of nascent rats as a
consequence to maternal ACR administration and the possible protective role of ascorbic acid (ASA) in rat offspring.
Materials and Methods: Pregnant rats were randomly assigned into four groups, negative control group, ASA group
(100 mg/kg/day), ACR group (10 mg/kg/day) and ACR+ASA group. Ten pups from each group were sacrificed. Biochemical,
histological and morphometric techniques were used to determine the effect of ACR and ASA on lung development in the
offspring on postnatal days (PND) 2 and 21.

Results: The results showed that ACR administration during gestational and lactation periods significantly increased
the serum endocan and the lung malondialdehyde (MDA) but decreased the lung reduced glutathione (GSH) along with
severe histopathological changes proved ultra-structurally. Morphometric results revealed significant increase thickness in
interalveolar septa among ACR group. Concurrent administration of ASC with ACR during gestation period attenuated most
of the cytoarchitecture alterations of the developing lungs.

Conclusion: Maternal administration of acrylamide resulted in harmful impact on the lung histological structure of rat's
offspring through its oxidative stress and inflammatory mechanisms. Co-administration of ASA along with ACR can
ameliorate this deleterious impact through its antioxidant and anti- inflammatory properties.
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INTRODUCTION Acrylamide (ACR) is a colorless and odorless chemical
contaminant produced industrially formed by the hydration
of acrylonitrile. It is widely used in the treatment of
wastewater, paper/pulp manufacturing, mining, scientific
research, surface coatings, textile and cosmetics?..

A group of maternal, placental and fetal factors are
engaged in ensuring the normal fetal growth. Nutrition
has a major role in the early structural development of
mammals and has long-term effects that are obvious until

later in lifel". There is high concentrations of ACR in carbohydrate-

rich foods processed at temperatures exceeding 120 °C and

Fetal development is highly sensitive to exposure to containing low moisture, such as French fries, potato chips,
xenobiotics that influences the physiological responses bread, biscuits, and coffeel®. In addition, tobacco smoking
of the offspring, but adequate maternal nutrition reduces is an important source of human exposure to ACRU..
the risk of maternal, fetal effects and long-term effects in It is well known for its potential health hazards.
progeny'>*. ACR exposure is associated with neurotoxicity™,

carcinogenesis®, genotoxicity!'”, cytotoxicity", and

Humans are born with lung development almost

. reproductive toxicity!!?.
complete; conversely, rats are born in a saccular stage, and

alveolar maturation is completed by PND 211, Therefore, Acrylamide is absorbed mainly via oral, dermal and
the selected age groups in the current study were based respiratory routes, and it has low molecular weight and high
on the different postnatal stages of lung development: the water solubility,; therefore, it can easily cross biological
saccular stage at PND 2 and the alveolar maturation stage membranes, including blood-placenta and blood-milk
at PND 21. barriers!!>141,
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It negatively affects health through several mechanisms;
e.g. ACR attacks biological moieties via interactions
between its active vinyl group, and the SH and NH2 groups
of proteins or the nitrogen atoms of nucleic acids!'*.

Other mechanisms of ACR toxicity include disruption
of cytoskeletal integrity, oxidative stress, inflammation,
apoptosis induction and epigenetic alteration!'"'sl. Thiol-
rich molecules, e.g., glutathione (GSH), albumin and
hemoglobin, are the principle ACR scavengers!'”.

Ascorbic acid (ASA) is an essential micro-nutrient
involved in several metabolic pathways that has several
health benefits, such as antioxidant, anti-carcinogenic,
immune-modulatory and anti-inflammatory effects!'®!.

Endocan, is an endothelial cell activation marker,
formerly identified as endothelial- specific molecule-1
(ESM-1), is a product of endothelial cells that was, first
identified in 1996 in lung endothelium. It plays an important
role in many endothelial-dependent pathophysiological
diseases. Many studies have shown that endocan can be
used as a biomarker for the assessment of inflammatory,
cardiovascular, and chronic kidney diseases as well as
cancert'”),

Endocan has anti-inflammatory properties in  acute
lung injury (ALI),?% and its expression in human lung and
renal tissue may play a role in angiogenesis associated with
organ-specific inflammation?!,

Currently, natural, safe antioxidants that do not cause
side effects are needed. In addition, the studies on the ACR
-induced effects on the postnatal lung development are
few. Therefore, the present study used a weaning rat model
to study the potential developmental toxicity of ACR on
histological structure of lung and the possible protective
role of ASA.

MATERIALS AND METHODS

Chemicals

*  ACR (99% pure form) was purchased from Sigma
Chemical Company, (St. Louis, MO, USA)

* ASA (pure powder) was purchased from
Elgomhoria Company for Chemical and Medical
Trading, Zagazig, Egypt).

Readymade Kits

* Reduced Glutathione (GSH) detection kits were
purchased from (Biodiagnostic, Cairo, Egypt).

* MDA content (lipid peroxides) detection kits were
purchased from (Biodiagnostic, Cairo, Egypt).

e Serum endocan concentrations (Rat ESM-1 ELISA
Kit) were purchased from Bioassay Technology
Laboratory, Shanghai, China)

Experimental animals

Twenty-four adult female albino rats weighing
140-180 g were obtained from Zagazig Scientific and

Medical Research Center (ZSMR) and maintained at the
Breeding Animal House of Faculty of Medicine, Zagazig
University, Egypt. Animals were kept for acclimatization
in separate hygienic stainless-steel cages at a controlled
temperature (23 +2°C) and humidity (60+5%)ina(12:12-h
light: dark cycle) artificially illuminated room, completely
free from chemical contamination. The animals were fed
with the standard laboratory food and allowed free access
to it and water. All animals were acclimatized to laboratory
conditions for ten days before the start of experiments.
All animals received human care in compliance with the
Animal Care Guidelines of the National Institutes of Health
(NIH), Zagazig University. The ZU-IACUC Committee
approved the protocol (no. ZU-IACUC/3/F/95/2018).

Experimental design

Female rats were mated with males (2:1) in each
cage. We inspected the female rats daily for the presence
of a vaginal plug (a whitish mass), which indicated day
zero (DO) of pregnancy. Then, we randomly assigned the
animals into four groups of six rats each. The dams in group
1 were administrated distilled water orally by intragastric
tube and served as negative controls. The rats in group 2
(ASA group) orally administrated 100/mg/ kg dissolved
in distilled water?? (500 mg ASA dissolved in 50 cm3
distilled water to get a solution for each 1 cm3 contains 10
mg and given 1 cm3 /100 gm. /day and served as positive
controls. The dams in group 3 (ACR group) orally received
10/mg/ Kg®l. ACR prepared by dissolving 30mg ACR in
30 cm3 distilled water to get a solution for each 1 cm3
contains 1mg and given 1cm3 /100 gm. The dams in group
4 (ACR+ASA group) were orally administrated the same
doses of ACR and ASA as in groups 2 and 3.

The dams were administrated ACR and ASA from
gestational day (GD) 7, through parturition and lactation
until weaning at postnatal day (PND) 21. At PND 2 and
PND 21, ten pups (male and female) from each group were
sacrificed. Lung tissues were collected for histopathological
and biochemical studies (Figure 1).

PND 2: ten pups were
weighed and sacrificed. Lung
tissues were collected for
biochemical and
histopathological studies

PND 21: ten pups were
weighed and sacrificed. Lung
tissues were collected for
biochemical and
histopathological studies

ACR and ASA

Vaginalplug 4 ninistration

GD1 GD™

Fig. 1: Scheme for the experimental protocol Abbreviations, GD,
gestational day; PND, postnatal date; ACR, acrylamide; ASA,

ascorbic acid

Blood sample collection and serum separation

Twenty four hours after the last administration, the
pups in all groups were anaesthetized intraperitoneally
with pentobarbital (60 mg/ kg/ body weight)?*! and blood
samples were immediately obtained from the retro-orbital
venous plexus of each rat, using a fine heparinized capillary
tube introduced into the medial epicanthus of the eye. The
blood samples were collected then centrifuged using a
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Remi cool centrifuge at 3000 (round per minute) for 20
min. The supernatant serum was collected in a clean, dry
tube for estimation of serum endocan.

All biochemical procedures were carried out in the
Central Research Laboratory, Faculty of Medicine, Zagazig
University.

The lungs were dissected gently and divided into three
parts. The samples from the first part were processed for
light microscopic examination, while those in the second
part were processed for electron microscopic examination.
The samples in the last part were homogenized in ice-cold
phosphate buffer (pH 8) at a concentration of 15% (w/v)
for assessment of reduced glutathione (GSH) levels and the
lipid peroxidation (as malondialdehyde, MDA).

Biochemical studies
Serum endocan analysis

Serum endocan concentrations were measured using
specific kits in accordance with the procedures specified
by the manufacturers.

Assessment of lipid peroxidation and GSH activity

Lung tissues were minced and homogenized, separately,
in ice-cold sodium and, potassium phosphate buffer
(pH 8) at a concentration of 15% (w/v) in Scientific
Research Centre , Faculty of Medicine ,Zagazig University.
The homogenate was centrifuged at 110000 x g for 20
min at 4 °C, and the resultant supernatant was used for
the determination of lung MDA and GSH concentrations.
The levels of both lung MDA and GSH in the lungs were
colorimetric-ally assayed according to the methods of
some authors!?>?%, respectively.

Lung tissue preparation for histological examination
Light microscopic examination

Representative specimens from the right lower
lobe of the lung were immediately fixed in 10% neutral
buffered formalin for 24 h, washed and dehydrated with
conventional ascending grades of alcohol, cleared in xylol,
then embedded in paraffin. Then, 5 um thick sections
were stained with haematoxylin and eosin (H&E) for
studying the histopathological structures of the lungs®7.
All stained slides were examined by light microscopy
(Leica ICC50W) in the Image analysis unit of the
Department of Anatomy and Embryology, Faculty of
Medicine, Zagazige University.

Electron microscopic examination

Small pieces of the right lung were immediately fixed in
2.5% glutaraldehyde buffered with 0.1 M phosphate buffers
at pH 7.4 for 2 h at 4 °C and then, post-fixed in 1% osmium
tetroxide in the same buffer for 1 h at 4 °C. The specimens
were processed and embedded in EMmbbded-812 resin

capsules at 60°C for 24 h. Semithin sections(1 pm) were
mounted on glass slides and stained with toluidine blue
and examined by light microscopy. Ultrathin sections were
obtained using a Lecia Ultracut UCT (Germany), stained
with uranyl acetate and lead citrate® and then examined
using a JEOL-JEM 1010 electron microscope (Tokyo,
Japan) at the Mycology and Regional Biotechnology
Center, Al Azhar Boys University, Cairo, Egypt.

Morphometric analysis

H&E- stained sections were examined to measure the
thickness of primary inter-alveolar septa using a Leica
QWin 500 image analyzer (Leica Ltd, Cambridge, UK) in
the Image analysis unit of the Department of Anatomy and
Embryology, Faculty of Medicine, Zagazig University. All
measurements were taken at 400x magnifications from ten
non-overlapping visual fields from five serial sections for
each rat in each group.

Statistical analysis

Continuous variables are expressed as the mean +SD.
We used one-way ANOVA to detect significant differences
between groups followed by Tukey's post hoc test for
multiple comparisons between groups. The threshold for
significance was at P<0.05.

We analyzed the data using GraphPad Prism, Version
7.0 software.

RESULTS

Mortality

Three rat offspring of ACR-exposed mothers died on
PND 21.

Serum endocan concentrations and, MDA and GSH
levels in lung tissue

No significant change in Serum endocan concentrations,
MDA and GSH levels in lung tissue in control rat's offspring
compared with those administrated ASA. Maternal ACR
administration during gestation and lactation significantly
increased serum endocan concentrations and lung MDA
levels and decreased lung GSH levels in the rat offspring
at PND 2 compared to the control group (P<.05). The
protective effects of ASA were proven by significant
decrease in serum endocan concentrations and lung MDA
levels along with significant increase in GSH levels in the
in lung tissue of ACR+ASA group compared to ACR group
(P<.001) (Table 1). At PND 21, also ACR-group revealed
significant increase in serum endocan concentrations and
lung MDA levels with decreased lung GSH levels when
compared with the control group (P<.05), while ASA
co-administration significantly reduced serum endocan
concentrations and lung MDA levels with significant
elevation in GSH levels compared with ACR- group
(P<.001) (Table 2).
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Histological results

Light microscopic examination of lung tissue at 2™
postnatal day (PND 2)

H&E stained sections

H&E stained sections from the lungs of control rat's
offspring and those administrated ASA were nearly of the
same appearance; control rats showed normal spongy lung
architecture composed mainly of smooth outlined saccules
comprising primitive air spaces and bronchial passages.
Primary septa of variable thickness appeared and separated
the saccules and short, thick secondary septa projecting
into the saccular lumens (Figure 2). In the lung tissues
of ACR-group, the primary septa separating the saccules
appeared thicker than those in the control offspring,
comprising many layers of interstitial cells with variable-
sized saccules (Figure 3a). Bronchus with hyperplastic
epithelium and focal infiltration of mononuclear cells
was also observed in addition to dilated congested blood
vessels with irregular lumen (Figure 3b). However, partial
improvement in lung tissues of ACR+ ASA group was
evident, as demonstrated by apparent decreased thickening
of the primary septa in comparison with ACR-group and
the presence of apparently normal blood vessels with flat
endothelial cells and small secondary septa (Figure 4).

Toluidine blue-stained sections of lung tissue at 2"
postnatal day (PND 2)

Toluidine blue-stained sections from the lungs of
control rat's offspring and those administrated ASA had
nearly the same appearances; control rats showed saccules
were lined with two types of cells: cells with large, rounded,
pale nuclei and others with flat nuclei. The primary septa
consisted of interstitial cells, some of which had large,
pale nuclei while; others had dark nuclei. Many blood
capillaries were observed on both sides of the primary septa
(a double capillary network) and at the secondary septa,
which bulged into the lumens of the saccules (Figure 5). In
the ACR group, the lung tissues revealed that, the saccular
walls had cells with large, round, pale nuclei similar to
those in the control rats; however, cells with flat nuclei
were difficult to detect. The primary septa were markedly
thickened, with a large number of differently shaped
interstitial cells (Figure 6). In the ACR+ ASA group, the
primary septa were thinner than those in the ACR- group,
and many secondary septa with double blood capillaries
were observed (Figure 7).

Electron microscopic examination of lung tissue at
2" postnatal day (PND 2)

Ultrathin sections from the lungs of control rat's
offspring and those administrated ASA were nearly of
the same appearances; control rats showed inter-saccular
septa consisted of groups of interstitial cells; some of
the cells had large, rounded, euchromatic nuclei with
vacuoles and electron- dense bodies (lipid droplets) within
the cytoplasm, while others had elongated nuclei and

the cytoplasm devoid of lipid droplets., Capillaries were
observed on both sides of the septa (Figure 8a). Regarding
the lining of the saccules, cuboidal cells with rounded,
euchromatic nuclei, lamellar bodies and few microvilli
were observed (Figure 8b). In ACR group, the lung tissues
showed that, the inter-alveolar septa were formed of many
layers of interstitial cells, some of them revealed irregular
and shrunken nuclei (Figure 9a). Type II pneumocytes
(PIls) appeared within the saccular lumens with irregular,
heterochromatic nuclei. Microvilli were also observed.
Many blood capillaries were seen within the saccular walls
in addition to mononuclear cells most probably neutrophils
(Figure 9b). In the lung tissues of ACR+ASA group, the
saccular walls showed fewer different types of interstitial
cells and more lipid droplets than those in the lungs of ACR
rat offspring (Figure 10a). The PIIs had large, rounded,
euchromatic nuclei with lamellar bodies. Mitochondria,
few apical microvilli and Lipid droplets could also be seen
(Figure 10Db).

The air-blood barriers in the control lung tissues,
were formed of the attenuated type I pneumocyte (PI),
cytoplasm, fused basal laminae and capillary endothelial
cells cytoplasm (Figure 11a). In ACR group, irregular
air-blood barrier was observed that were formed of
the irregular, swollen cytoplasm of PIs (Figure 11b).
ACR+ASA group restored the barriers such that they
appeared nearly like those of the controls (Figure 11c¢).

Light microscopic examination of lung tissue at 21"
postnatal day (PND 21)

HE&E stained sections

On PND 21, H&E stained sections from the lungs
of control rat's offspring and those administrated ASA
were nearly of the same appearance; control rats showed
normal spongy structures in the form of alveoli separated
by thin septa and alveolar sacs. Many relatively thin
secondary septa could be detected (Figure 12). In contrast,
the lung tissues of ACR group exhibited inter-alveolar
septa with focal thickening and variable-sized alveoli.
Dilated, congested blood vessels with heavy inflammatory
mononuclear cell infiltration were also observed
(Figure 13a). Large alveoli and dilated congested blood
vessel (BV) with thick wall are noticed (Figure 13b).
However, in the lung tissues of ACR+ASA group, alveoli
are nearly of normal architecture, variable sized alveolar
sacs and inter-alveolar septa of variable thickness were
observed (Figure 14).

Toluidine blue-stained sections of lung tissue at 21*
postnatal day (PND 21)

In the lung tissues of control rat offspring and those
administrated ASA had nearly the same appearance;
control rats showed alveoli appeared to be lined with PIIs
with rounded nuclei, while other cells had flat nuclei. The
primary inter-alveolar septa appeared thin with fewer cells
at the tips; some cells had pale nuclei, while others had flat
nuclei. The secondary septa were composed of groups of
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cells; some of them had rounded nuclei, whereas others
had flat nuclei at their tips. Blood capillaries could be seen
facing the alveolar lumens (Figure 15). Compared to the
control rat offspring, the lung tissue of ACR group revealed
apparent increases in PIIs and noticeable thickening of the
primary inter-alveolar septa (with many interstitial cells
of variable shapes), with persistence of a double capillary
network. There was mononuclear cells most probably
macrophages (Figure 16). In the lung tissues of the
ACR+ASA group, the inter-alveolar septa were apparently
thinner than those in the lungs of the ACR- rat offspring.
The secondary septa were thin with a single blood capillary
facing the alveolar lumen; some thick septa persisted that
were composed of groups of cells. (Figure 17).

Electron microscopic examination of lung tissue at
21° postnatal day (PND 21)

Ultrathin sections from the lung tissues of control rat's
offspring and those administrated ASA had nearly the same
appearance; control rats showed normal inter-alveolar
septa, as revealed by the presence of few interstitial
cells along with a single capillary layer on one side.
PIIs with euchromatic nuclei were detected bulging into
the alveolar lumens (Figure 18). In the ACR group, the
inter-alveolar septa were still thick with many interstitial
cells, some of which had euchromatic nuclei, while others
showed apoptotic nuclei. Accumulated collagen fibers
were also observed (Figure 19a). The PIIs had irregular
euchromatic nuclei and damaged irregular lamellar bodies
(Figure 19b). A mononuclear cell most probably large
macrophage with irregular shrunken nucleus, pseudopodia
and many lysosomes could be seen (Figure 19c). In the
ACR+ASA group, the inter-alveolar septa were thinner
than those in the ACR group, and apparently fewer
collagen fibers were observed (Figure 20a). Noticeable
restoration of PII structures was present; the restored cells
had euchromatic nuclei with full lamellar bodies, and
microvilli (Figure 20b).

In the control rat offspring; the air—blood barriers were
composed of attenuated PI cytoplasm, fused basal laminae
and capillary endothelial cell cytoplasm (Figure 21a). In
the ACR group, there was slight swelling of the cytoplasm
in the PIs (Figure 21b), but in the ACR+ASA group, the
PIs had regained their normal appearance (Figure 21c).

Morphometric results

No significant change in thickness of inter-alveolar
septa in control rat's offspring compared with those
administrated ASA.

Maternal ACR administration during gestation and
lactation significantly increase the inter-alveolar thickness
in the lungs of offspring at both PND 2 and PND 21
compared to their control group (P<.05). However, in
ACR+ ASA group the lungs exhibited a significant
reduction of the inter-alveolar thickness at both PND
2 and PND 21 than those of their ACR group (P<.05)
(Figure 22).

Table 1: Effect of maternal ACR exposure and ACR+ASA
exposure on serum endocan, MDA, and GSH in offspring lung
tissue at PND 2

Groups
PND 2 i iti
Negative Positive ACR ACRAASA
control control
Endocan 111003 020£0.04 0.8140.08" 0.4240.07
(ng/dL)
MDA. 29+1.3 30.03£0.9 59.9+1.03®  40.5+0.7%¢
(nmol/g. tissue)
GSH 40.544.5  43.1+4.8  19.5£0.9®  28.6+2.8*

(mg/g. tissue)

All values are expressed as mean+SD, n=10. a significant vs
negative control group, b significant vs positive control, ¢
significant vs ACR (P<.05). A one-way ANOVA followed by
post hoc Tukey test multiple comparisons between groups.

PND, postnatal date; ACR, acrylamide; ASC, ascorbic acid;
MDA, malondialdehyde; GSH, reduced glutathione

Table 2: Effect of maternal ACR exposure and ACR+ASA
exposure on serum endocan, MDA, and GSH in offspring lung
tissue at PND 21

Groups
PND 2 i iti
Negative Positive ACR ACR+ASA
control control
E
ndocan ) 5410.05 0212006 0.96:02%  0.450.03%
(ng/dL)
MDA. 28.7+£2.7  30.8+4.5 70.5£2.9® 53,83, 14
(nmol/g. tissue)
GSH 40.5+4.5  43.1+4.8 19.5£0.9®  28.6+2.8%

(mg/g. tissue)

All values are expressed as mean+SD, n=10 (but n=7 in ACR
group). a significant vs negative control group, b significant
vs positive control, ¢ significant vs ACR (P<.05). A one-way
ANOVA followed by post hoc Tukey test multiple comparisons
between groups.

PND, postnatal date; ACR, acrylamide; ASC, ascorbic acid;
MDA, malondialdehyde; GSH, reduced glutathione

Fig. 2: Photomicrograph of lung sections of control groups at 2"
PND showing bronchial passage (B), alveolar channels (C) and
saccules (S) separated by primary septa of variable thickness; thin
septa (arrow) and thicker septa (arrowhead). Relatively few thick
secondary septa (wavy arrow) are projecting into the saccular

lumens (S). H&E x400.
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Fig. 3a: Photomicrograph of lung sections of ACR group at 2™
PND showing highly cellular (I) and relatively thick primary
septa (arrow). Saccules (S) and alveolar channels (C) can be seen.

H&E x400.

- : T e
Fig. 3b: Photomicrograph of lung sections of ACR group at 2
PND showing bronchus (B) with hyperplastic epithelium (wavy
arrow) and focal infiltration (IF). Dilated, congested blood vessel
(Bv) with irregular lumen (arrow head) and saccules (S) are also

seen. H&E x400.

Fig. 4: Photomicrograph of lung sections of ACR +ASA group
at > PND showing variable-sized saccules (S), separated by
apparently less cellular (I) primary septa (arrowhead) than those
of ACR- group. Apparently normal bronchial passage (B), and
normal blood vessels (Bv) are seen. Small secondary septa can

also be observed (wavy arrow). H&E x400.

N ~ ‘ - 4

- : \
Fig. 5: Photomicrograph of lung sections of control groups at 2™
PND showing group of interstitial cells (ic); some of these cells
have large pale nuclei (N), while other cells have flat nuclei (I). The
primitive air spaces (S) are lined with cells having large pale nuclei

(II). Blood capillaries (c) can be seen on both sides of the primary
septa (line). Thick secondary septa (arrow) are bulging in the lumen

with blood capillaries (c) at their tips. Toluidine bluex 1000

Fig. 6: Photomicrograph of lung sections of ACR group at 2™
PND showing markedly thickened primary inter-alveolar septa
(line) with a large number of differently shaped interstitial cells
(n). The saccular walls (S) are lined with cells with rounded
nuclei (N) and vacuolated cytoplasm (V). Short, thick secondary
septa (arrow) are composed of blood capillaries (¢) and round
cells (IT) with vacuolated cytoplasm (V). Fine collagen fibres can
be observed in the wall of the saccule (curved arrow) Toluidine

bluex 1000

Fig. 7: Photomicrograph of lung sections of ACR +ASA group
at 2 PND showing that the primary septa (line) having fewer
interstitial cells (ic) compared with that of ACR group; some of
the interstitial cells have large pale nuclei (N) with cytoplasmic
vacuoles (v) whereas others have dark nuclei (n), saccules (S) are
lined with cells with large pale nuclei (II) while other cell have
flat nuclei (I). Many thick secondary septa (arrow) with double

capillary layer (C) can be seen. Toluidine bluex 1000
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2 microns
TEM Mag = 5000%

Fig. 8a: Transmission electron micrograph of lung sections
in control groups at 2™ PND showing double capillary layer
present (E) of saccular wall (S), group of interstitial cells (ic)
are observed; some of them have large rounded euchromatic
nuclei (Na) with lipid droplets in the cytoplasm (Ld), whereas
others have elongated nuclei (Nb) without lipid droplets in the
cytoplasm. Pneumocyte type II (PII) has euchromatic nuclei (N)

and empty lamellar bodies "vacuoles” (v). TEM a, x5000

2 microns
TEM Mag = 10000x

Fig. 8b: Transmission electron micrograph of lung sections in
control groups at 2" PND showing pneumocyte type II (PII)
has few apical microvilli (mv) has large euchromatic nuclei (N)
bulging into the saccular lumen (S) with full lamellar bodies (Lb)

and Lipid droplets can be seen (Ld). TEM b, x10000.

2 microns
TEM Mag = 4000x

Fig. 9a: Transmission electron micrograph of lung sections in
ACR group at 2" PND showing thick saccular wall with double
capillary layer (E) and many interstitial cells (ic); some have
heterochromatic nuclei (N) with few pale lipid droplets (LdI),
others irregular and shrunken nuclei (n) and some have flat nuclei
(Nb). Electron-lucent vacuolated areas can be seen (curved

arrow). TEM a x 4000

2 microns
TEM Mag = 4000x

Fig. 9b: Transmission electron micrograph of lung sections in
ACR group at 2" PND showing many types I pneumocytes
(PII); some of them have large euchromatic nuclei (N) with
apical microvilli (mv), others have heterochromatic nuclei
(n) mononuclear cell most probably Neutrophilis (Nr) can be
observed. Many blood vessels (E), saccular lumen (SL) and

interstitial cells (ic) still be seen. TEM bx 4000.
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2 microns 500 nm

TEMMA(, = 50005 TEM Mag = 15000x
Fig. 10a: Transmission electron micrograph of lung sections in Fig. 10b: Transmission electron micrograph of lung sections in
ACR +ASA group at 2™ PND showing few interstitial cells (ic) ACR +ASA group at 2" PND (PII) has large euchromatic nucleus
with variable shaped nuclei; some of them have large rounded (N), lamellar bodies (Lb), mitochondria (m) and apical microvilli
euchromatic nuclei (N) with lipid droplets in the cytoplasm (mv). Lipid droplet can also be seen (Ld). TEM b, x 15000.

(Ld), whereas others have apparently shrunken nuclei (n). Other
cells have elongated nuclei (Nb) without lipid droplets in their
cytoplasm can be observed. Saccular lumen (S) still be seen.

TEM a, x5000

TEM Mag - 20000x

Fig. 11: Transmission electron micrographs of lung sectionsin different experimental groups at 2" PND a) Control rat offspring; the air-blood
barrier formed of the attenuated pneumocytes type I cytoplasm (PI), fused basal laminae (arrow), and cytoplasm of capillary endothelial
cells (E). b) ACR-group, irregular air-blood barrier has irregular swollen cytoplasm of pneumocytes type I (PI). c) ACR +ASA group, the
air-blood barrier is nearly normal. TEM.a, b, ¢ x 30,000
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Fig. 12: Photomicrograph of lung sections of control groups at
21 PND showing normal several alveoli (A), alveolar sacs (As)
and many relatively thin secondary septa (arrow head) are visible.
Inter-alveolar septa with variable thickness; some appear thin
(arrow) while others appear thicker (wavy arrow) can be seen.

H&E x400.

~ N . e ¥
Fig. 13a: Photomicrograph of lung sections of ACR group at 21*
PND showing alveoli of variable sizes (a), bronchial passage (B),
thickened septa (arrow) with heavy cellular infiltration (*) and

congested blood vessel (Bv) are also noticed. H&E x400

= Td

~

Fig. 13b: Photomicrograph of lung sections of ACR group at 21*
PND showing large alveoli, dilated congested blood vessel (BV)
with thick wall (arrow) and Alveolar sacs (As ) can be also seen.

H&E x400.

Photomicrograph of lung sections of ACR+ASA
group at 21 PND showing the alveoli (A) are nearly of normal
architecture, several alveolar sacs (AS) and inter-alveolar septa
of variable thickness some appear thin (arrow) while others
appear thicker (wavy arrow). Secondary septa (arrow head) and

apparently thicker septa (curved arrow) can be seen. . H&E x400.

Fig. 14:

Fig. 15: Photomicrograph of lung sections of control groups at
215 PND showing alveoli (A) lined by cell with rounded nuclei
(IT) and others with flat nuclei (I). Primary inter-alveolar septa
(line) are thin formed of pale cell nuclei (N). Secondary septa are
composed of a group of cells (head arrows); some of them have
rounded nuclei whereas others at their tips have flat nuclei. Blood

capillaries (c) can be seen Toluidine blue x 1000

- n * O B ,
Fig. 16: Photomicrograph of lung sections of ACR- group at 21*
PND showing alveolar sac (AS) lined by cell with rounded nuclei
(I1) containing vacuoles within the cytoplasm (v) and others has flat
nuclei (I). Thickened inter-alveolar septa (line) have polymorphic
cells; some have pale nuclei (N), some have pale kidney shaped
nuclei (NI) and others have dark nuclei (n). Blood capillaries (c) on
both sides of septa are seen, fine collagen fibers are noticed (arrow).
Macrophage (m) still be seen. Thickened secondary septa with

double capillary layer (head arrow) are seen. Toluidine blue x 1000
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Fig. 17: Photomicrograph of lung sections of ACR +ASA group
at 21% PND showing the inter-alveolar septa (line) which appears
apparently less cellular (ic) than those of ACR group with pale cell
nuclei (N) has vacuoles within its cytoplasm (v) and dark round
nuclei (n). Some secondary septa (head arrow) are thin with single
blood capillary (C) and other are apparently thick (bifid arrow).
Alveolar sac (AS) lined by cell with rounded nuclei (II) and others

with flat nuclei (I) is still noticed. Toluidine blue x 1000

2 microns
TEM Mag = 6000x

Fig. 18: Transmission electron micrograph of lung sections in
control groups at 21* PND showing the intera-alveolar septum
(zigzag arrow) with pneumocyte type II (PII) has euchromatic
nuclei (N) bulging into the alveolar lumen (AL). Single capillary
layer (E) and few interstitial cells can be seen in the alveolar

septum (ic). TEM, x 6000

2 microns
TEM Mag = 10000x

Fig. 19a: Transmission electron micrograph of lung sections in
ACR- group at 21% PND showing thick alveolar wall with many
interstitial cells (ic); some have large euchromatic nuclei (N) and
others have shrunken nuclei (n). Accumulated collagen fibers

(col) and blood capillaries (E) can be observed. TEM, a, x10000

2 microns
TEM Mag = 10000x

Fig. 19b: Transmission electron micrograph of lung sections
in ACR- group at 21 PND showing pneumocyte II (PII) have
euchromatic nuclei (N) and damaged, irregular lamellar bodies

(Lb(.TEMb x10000
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500 nm
TEM Mag = 15000x

Fig. 19¢: Transmission electron micrograph of lung sections in
ACR- group at 215 PND showing a large macrophage (M) with
irregular shrunken nucleus (n), pseudopodia (arrow), and many
lysosomes (arrowheads). Pneumocyte I (PI) with flat nuclei (N)

can also be seen. TEMc, x 15000

2 microns
TEM Mag = 10000x

Fig. 20a: Transmission electron micrograph of lung sections in
ACR+ASA group at 21 PND showing apparently thin alveolar
wall with few interstitial cells (ic); some have euochromatic nuclei
(N) and others have irregular shrunken nuclei (n). Apparently
fewer collagen fibers (col) than those of ACR group are visible.
Microvilli (mv) are projecting into the alveolar lumen (AL),

blood capillaries are also visible (E). TEM, a x10000

2 microns

TEM Mag = 10000x

Fig. 20b: Transmission electron micrograph of lung sections in
ACR+ASA group at 21 PND showing pneumocyte II (PII) with
microvilli (mv) and has euchromatic nucleus (N) in addition to
full lamellar bodies (Lb).Some large vacuolated empty lamellar
bodies (V) and mitochondria (m) are also noticed. TEM, b, x

10000

|
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Fig. 21: Transmission electron micrographs of lung sections in
different experimental groups at 21 PND showing a) Control
group; the air—blood barrier is formed by attenuated pneumocyte
I (PI) cytoplasm, fused basal laminae (arrow), and cytoplasm
(c) of capillary endothelial cells (E). b) ACR-group; air—blood
barrier with irregular, swollen cytoplasm of both pneumocyte I
(PI) and capillary endothelial cells (c) and thickened, irregular
fused basal laminae (arrows) can be clearly seen. ¢c) ACR +ASA
group; the air-blood barrier showing slightly swollen cytoplasm
of both pneumocyte I (PI) and capillary endothelial cells (C)

which is less than that of ACR-exposure. TEM.a, b, ¢ x 30,000
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Fig. 22: Effect of acrylamide and ascorbic acid on inter-alveolar
thickness at PND 2 and PND 21 .All values are expressed as
mean= SD, n=10 (but n=7 in ACR group PND 21). a significant
vs negative control group, b significant vs positive control, ¢
significant vs ACR (P<.001). A one-way ANOVA followed by

post hoc Tukey test multiple comparisons between groups.

DISCUSSION

ACR exposure has recently been stated to be a potential
risk factor from early development until ageing?®!.There
is a vast amount of literature on the mutagenic and
carcinogenic effects of ACR; however, there are very few
data on ACR-induced morphological changes during the
embryonic and postnatal development of different organs.
Therefore, the present study was designed to investigate up
the effect of perinatal ACR exposure on lung development
in albino rats and to examine the possible protective role of
ASA against ACR toxicity. We selected PND 2 and PND 21
as the time points because; PND 2 represents the saccular
stage of lung development, while PND 21 represents the
alveolar stagel®l.

ACR and its metabolic products can pass through the
placenta and breast milk of lactating mothers to distribute
to almost all tissues of the fetus and, exert toxic effects!.

In this study, light microscopic examination of the
control lungs at 2™ day showed normal histological
patterns; the lungs were; composed of smooth, outlined
saccules separated by thick primary septa and short,
thick secondary septa. These findings were confirmed
by electron microscopic examination, which showed the
presence of many layers of interstitial cells with different
shapes and double capillary layers in both septa. Some
investigators reported similar findings®¥. Moreover,
PIIs were observed with rounded, euchromatic nuclei
and vacuolated cytoplasm in addition to many lamellar
bodies. Some scientists stated that there are two types of
interstitial cells detected on PND 2, both of which have
the same embryonic origin: 1) lipofibroblast interstitial
cells (LICs) with irregular nuclei and many lipid droplets
and 2) myofibroblasts or non -lipofibroblasts (non -LICs)
with irregular nuclei and a lack of lipid droplets®)]. Another
study suggested that the LICs may play an important role
in septa and alveolar development®¥. There was evidence
that non -LICs play roles in and collagen fibers formation,
which is involved in secondary septa formation®®).

In contrast, light microscopic examination of ACR -
group at the same time period showed marked thickening
of the primary septa in comparison with the control group.

This thickening was assured with morphometric results.
Electron microscopic examination, revealed the presence
of differently shaped interstitial cells; some of them had
apparently shrunken nuclei arranged in many layers. Such
increase in thickening was attributed to increased deposition
of collagen fibers and marked cellular infiltration!.
Additionally, vascular congestion and cellular infiltration
were observed, which could be explained by changes in
the integrity of the lung vessels and increased capillary
permeability®®”!. Electron microscopic examination of the
ACR- group compared to the control group also showed
apparent increase in the numbers PIls with many lamellar
bodies. Pneumocytes type II are the precursors (stem cells)
for PIs, which means that their proliferation is a sign of
damage to the alveolar wall and trial an attempt to repair
the destroyed epithelium®®.

In the current study, at PND 21 the control group
appeared with mature alveoli, many alveolar sacs, thin
inter-alveolar septa and many relatively thin secondary
septa. Ultra structural examination of this group confirmed
these findings by revealing the presence of few interstitial
cells within the septa and the changes from double capillary
layers to single capillary layers in the primary septa. Some
studies recorded similar findings who explained that the
reduction in septal thickness is due to decreased epithelial
and mesenchymal cell proliferations, apoptosis and the
formation of multiple focal fusions between the two
capillary layers, resulting in the maturation of the double
capillary layer within the primary septa into a single
capillary layer at this stage™%. No LICs could be detected
at this stage. Another study clarified that the proliferation
of LICs and the maturation of the capillary layer in the rat
lung normally stopped on PND 111,

On the other hand, the light microscopic examination
of the lungs of the ACR - group on PND 21 revealed an
increase in the inter-alveolar sepal thickness. This thickness
in the ACR- group was significantly higher than that of
the control group, and many interstitial cells were detected
upon ultra-structural analysis; many of these interstitial
cells had irregular, heterochromatic, apoptotic nuclei with
vacuolated cytoplasm. Accumulated collagen fibers and
alveolar macrophages with apical pseudopodia were also
observed. Additionally, the persistence of double capillary
layers in the primary septa was an indication of delayed
development. Moreover, another study reported that
ACR directly impairs the protein synthesis in fetal tissues
through direct effects on RNA, DNA and subcellular
protein content!?),

The histological findings can be explained by the fact
that ACR- induces intracellular generation of oxygen free
radicals, which play a crucial role in its toxicity, through
lipid peroxidation and other types of oxidative damages!*®.

Human and animal exposure to environmental
pollutants, such as chemicals and xenobiotics, strongly
increase reactive oxygen species (ROS) production, leading
to imbalances between ROS generation and neutralization
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that enable ROS to attacking cell membranes and cause
devastating damage to biomolecules such as, DNA, lipids
and protein'®, In the present study, lung MDA levels
were significantly increased and lung GSH levels were
significantly decreased in rat after ACR administration at
both PND 2 and PND 21. These effects reflect the oxidative
action of ACR in the developing lung. ACR is detoxified
by conjugation with GSH and inhibits glutathione
S-transferase, thus leading to depletion of cellular GSH and
changing the redox status of the cells. This change, in turn,
may modulate gene expression and result in apoptosis, cell
proliferation and cell transformation(*.

Another explanation for the deleterious effects of
ACR is mediation of the inflammatory pathway, which
was evident in our study based on the significantly
elevated expression of serum endocan in ACR- groups
compared to control pups on both PND 2 and PND 21.
Some scientists postulated that any rise in the tissue
expression or serum levels of endocan reflects endothelial
activation and neovascularization; indicating the role ACR
in the inflammatory processes***.. In accordance, the
present study showed many congested bod vessels and
mononuclear cellular infiltration in lungs of the ACR —

group.

Furthermore, another study reported that a group
of inflammatory intermediaries, such as interleukin-1
and tumor necrosis factor-o, can up regulate endocan.
Serum endocan expression levels in patients with severe
sepsis were relatively high; secretion of inflammatory
factors may have prompted the elevations in the serum
endocan levels*. Similarly, another study revealed that
intraperitoneal ACR- administration to experimental
animals for ten days caused a significant elevations in the
levels of inflammatory indicators and; serum cytokines
(TNF-q, IL-1p and IL-6 )7,

With regard to these changes, the effect of ASA was
evident; our data proved that ASA significantly reduced
serum endocan levels and tissue MDA levels and
significantly elevated tissue in GSH levels among the
ACR+ASA groups.

Ascorbic acid is an important antioxidant that reduces
other compounds e.g., ROS and is converted to its oxidized
form8l, Tt was reported that ASA is a naturally occurring
organic compound with antioxidant properties, including
ROS-trapping and metal-chelating properties that decrease
the oxidative damage, DNA damage and inflammation™’!,
Moreover, ASA is a radical-scavenging antioxidant
that can inhibit the induction of pulmonary oxidative
stress, injury and inflammation observed in the rat lung
after intratracheal instillation of ZnO nanoparticles?®’!.
Furthermore, several in vivo and in vitro studies have
proven that ASA is a useful agent for attenuating the
lung injury caused by increased oxidative stress and for,
preventing protein damage, cytotoxicity and apoptosis©.

Overall, according to our findings, concomitant
administration of ASA with the ACR improve the

histological and ultrastructure appearance of the
developing lung by minimizing the, inflammation and lipid
peroxidation as well as by increasing GSH activity.

CONCLUSION AND RECOMMENDATION

Taken together, our results confirmed the harmful
alteration of ACR on lung histological structure and
elucidated the anti-antioxidant, anti-inflammatory and
remodeling effects of ASA. These experimental results
should be considered by the pregnant women and breast-
feeding mothers to avoid ACR-containing foods .

ABBREVIATIONS

ACR: Acrylamide, ASA: Ascorbic Acid, MDA:
malondialdehyde, GSH: glutathione, PND: Postnatal day.
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