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ABSTRACT
Introduction: As a plant growth hormone, Gibberellic acid (GA3) is broadly used in agriculture. However, it is reported to
be toxic to the human body organs especially the lung. There is an increasing interest in N-acetylcysteine due to its worthy
antioxidative effect.
Aim of the Work: The present study was performed to explore the possible protective role of N-acetylcysteine against the
structural and morphometrical lung changes resulting due to GA3 administration of the adult male albino rat.
Material and Methods: Thirty adult male albino rats (200-250gm) were used. They were divided into three equal groups;10
rats each. Control group: received distilled water by oral gavage for 14 days. The GA3-treated group: received an oral daily
dose of 55 mg GA3/ Kg b.w. for 14 days. The GA3/NAC-treated group: received 200 mg N-acetylcysteine /kg b.w. once daily
for 1 week, then received GA3 and N-acetylcysteine for 14 days at the same previous doses. At the end of the experiment,
the lungs of all groups were dissected out and processed for light and electron microscopic examination and morphometric
analysis.
Results: The lung specimens of the GA3-treated group revealed inflammatory cells infiltration, congested blood vessels,
nuclear chromatin condensation and loss of lamellar bodies of type-II pneumocytes, macrophages with dense endocytotic
vesicles and a significant increase in collagen fibres area % and interalveolar septum thickness as compared with the control
group. The GA3/NAC group exhibited an obvious improvement of these findings.
Conclusion: N-acetylcysteine can improve the histological and morphometrical changes induced by GA3 in the lung.
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INTRODUCTION as a mucolytic, anti-inflammatory and antioxidant
drug in the treatment of respiratory diseases®. It has
attracted researchers' attention because of its respectable
antioxidative effect. It has been proved to inhibit electric
field stimulation and heavy metals induced oxidative
stress!*!%, Moreover, it is reported that NAC treatment
recovered the cigarette smoke extract proinflammatory
state and mitochondrial damage in the cultured airway

Plant growth regulators are compounds used to
improve the development of crops. They include abscisic
acid, gibberellins, auxins, nitric oxide and cytokinins!'.
Gibberellic acid (GA3) is one of the gibberellins widely
used in many countries, as well as Egypt, to stimulate
plant development. It regulates several processes through
the entire life cycle of the plant® including germination

o 0

of seed, elongation of the stem, expansion of leaf area and cpithelial cells ™.

plant sexual organs maturity'*. The current study was planned to explore the possible
GA3 persists for many months in the soil, so the protective role of N-acetylcysteine against the structural

shocking toxicity and harmful effects of GA3 on humans lung. .chan.ges resulting from the Gibberellic ~ acid

and animals' health are of great worry to scientists!. administration.

Several studies have highlighted the ability of GA3 to MATERIAL AND METHODS

induce the generation of free radicals and oxidative stress,
prompting damage of the cells of several organs including Chemicals
the kidney, heart, lung and stomach?*..

GA3 (Gibberellic acid) was purchased from Sigma-

N-acetylcysteine (NAC) is an amino acid derivative Aldrich Company, Germany (catalogue number Sigma-
that is synthesized easily. It is a glutathione precursor with G7645) in a powder form soluble in water.
a distinct sulfur structure that can resist apoptosis by its
ability to scavenge free radicals, exhibiting an antioxidant NAC (N-acetylcysteine) was purchased from SEDICO
activity and preventing DNA damage!”. NAC has emerged Company, Egypt (200 mg sachets).
Personal non-commercial use only. EJH copyright © 2023. All rights served DOI: 10.21608/ejh.2022.102176.1578
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Experimental Animals

A total number of 30 adult male albino rats (3-month-
old), weighing 200-250g each was gained from the Animal
House, Faculty of Medicine, Assiut University. Rats were
kept in cages at room temperature with ad libitum access to
standard pellet food and tap water.

The rats were assigned randomly into three groups (ten
rats each):

Control group: The rats of this group received no
treatment.

GA3-treated group: The rats received GA3 at a dose of
55 mg/ Kg body weight (dissolved in distilled water) daily
for 14 days by the way of a gastric tube!'?.

GA3/NAC-treated group: The rats of this group
received NAC (200 mg/kg body weight dissolved in
distilled water) daily for one week. Then, GA3 was given
in a dose of 55 mg/ Kg body weight by the way of a gastric
tube daily concomitantly with acetylcysteine for 14 day 3!,

At the end of the experiment, the rats were
anaesthetized with inhalation of ether and sacrificed. The
heart was perfused by saline solution through the left
ventricle until the coming out fluid, from the right atrium
after being opened, was blood-free, then perfusion with
10% formalin was performed. The lungs were extracted.
All ethically approved procedures for handling, housing
and care of the rats were carried out in firm accordance
with the International Guidelines for the Care and Use of
Laboratory Animals.

Light microscopic study

After fixation with 10% formalin, the lung specimens
were dehydrated with ascending grades of ethyl alcohol,
cleared in xylene, and embedded in paraffin. Five um- thick
sections were obtained and stained with haematoxylin and
eosin stain for studying the lung architecture and Masson’s
trichrome stain for visualization of collagen fibres and
fibrosis assessment!'¥. Stained slides were examined and
photographed for histopathological and morphometric
evaluations using an optical microscope (OLYMPUS
CX31-Japan) at the Anatomy and Embryology Department,
Faculty of Medicine, Assiut University.

Electron microscopic study

For electron microscopic examination, lung specimens
were fixed in glutaraldehyde and osmium tetroxide. They
were dehydrated then embedded in Epon 812. One pm-
thick semithin sections were cut and stained with toluidine
blue, examined by light microscopy and photographed.
Ultrathin sections were prepared and stained with uranyl
acetate and lead citrate!'” examined and photographed
with the transmission electron microscope (Jeol-JEM-100
CXII; Jeol, Tokyo, Japan) at the Electron Microscopic Unit
of Assiut University.

Morphometric study

The images were analyzed using Image J software.
The mean thickness of the interalveolar septum of the
haematoxylin and eosin-stained sections and the mean area
% of collagenous fibres of the Masson's trichrome stained
sections were quantified from 10 randomly selected images
for each group at a magnification of X400!'S, Statistical
analysis was performed using SPSS software (SPSS
21.0.Inc., Chicago, Illinois, USA). Statistical analysis was
accomplished using ANOVA (one-way analysis of variance
test) test followed by the post hoc Tukey test. Data were
represented as mean + SD. P-value < 0.05 was considered
of statistical significance.

RESULTS

Light microscopic study

Examination of haematoxylin and eosin-stained
sections of the lung in the control group demonstrated that
the lung parenchyma appeared to consist of alveolar ducts,
alveolar sacs and different sized clear alveoli in between
which thin septa were noticed (Figure 1a). Different sized
bronchioles that had intact folded mucosa with regularly
arranged smooth muscle layer and blood vessels with
normal thickness were observed (Figure 1b). The alveoli
showed a single lining layer of two cell types in addition to
blood capillaries. Type-I pneumocyte was thin squamous
cells with flat nuclei. Type-II pneumocyte appeared
cuboidal with rounded nuclei (Figure 1c).

Lung sections of the GA3-treated group showed a
disturbed lung architecture and thickened interalveolar
septa with some areas of collapsed alveoli (Figure 2a).
Many foamy macrophages laden with hemosiderin were
seen (Figure 2b). The bronchioles showed a disorganized
wall with intrabronchial cellular debris. The pulmonary
blood vessels were congested with thickened walls
(Figure 2c). Heavy infiltration of inflammatory cells,
primarily lymphocytes and neutrophils were seen
(Figure 2d). Type-I pneumocytes appeared with pyknotic
nuclei. Some cells with darkly stained nuclei and high
nuclear-cytoplasmic ratio were shown in addition to the
alveolar macrophages. Type-II pneumocytes appeared with
vacuolated cytoplasm and pyknotic nuclei. Extravasation
of red blood cells (RBCs) within the alveolar lumen was
also observed (Figure 2e).

Examination ofhaematoxylin and eosin-stained sections
of the lung of GA3/NAC-treated group exhibited rather
preserved cytoarchitecture of the lung (Figure 3a). Thin
interalveolar septa and some inflammatory cell infiltration
were observed. Pulmonary blood vessels showed some
thickening of blood vessels wall (Figure 3b). Type-I and
type-1l pneumocytes in addition to alveolar macrophages
were nearly similar to the control group (Figure 3c)

Masson’s trichrome stain revealed that there was little
collagen fibres deposition in the interalveolar septa, wall of
blood vessels and around bronchioles in the control group
(Figure 4a). Collagen fibres of the lungs of GA3-treated
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rats showed marked deposition in the interstitium, the walls
of blood vessels and the wall of bronchioles (Figure 4b). In
GA3/NAC-treated group, the deposition of collagen fibres
was less conspicuous in the interalveolar septa, walls of
bronchi and around the wall of blood vessels (Figure 4c).

Examination of the toluidine blue-stained semithin
sections of the control group lung revealed normal
histological architecture with clear alveolar ducts,
alveolar sacs and alveoli (Figure 5a). The thin alveolar
wall was shown to be lined by type-I pneumocytes with
a flat nucleus in addition to type-II pneumocytes that had
rounded nucleus with prominent nucleolus and vacuolated
cytoplasm. Alveolar macrophages were recognized with
their characteristic eccentric kidney-shaped nuclei and
irregular outline (Figure 5b). Lung semithin sections of
the GA3-treated group appeared with disrupted bronchial
wall and thickened blood vessels wall (Figure 5c). There
were thickened interalveolar septa in addition to interstitial
cells infiltration surrounding bronchioles. There were
collapsed alveoli with type-II pneumocytes that appeared
with a pyknotic nucleus. Macrophages appeared with
coarsely vacuolated cytoplasm (Figure 5d). Bronchioles
with disorganized lining were observed besides congested
blood vessels with an irregular wall (Figure 5e). Semithin
sections of the GA3/NAC-treated lung exhibited normal
architecture with clear alveoli (Figure 6a). Relatively thin
regular interalveolar septa in comparison to that in the
GA3-treated group were observed. It was lined by type-I
pneumocytes with a flat nucleus and type-II pneumocytes
with a rounded nucleus. A preserved continuous bronchial
wall was detected. Macrophages with kidney-shaped
nuclei were seen (Figure 6b).

Electron microscopic study

Transmission electron microscopic examination of
the ultrathin sections of the control lung group showed
type-1 pneumocyte with a nearly flat nucleus surrounded
by a thin layer of cytoplasm containing rough endoplasmic
reticulum, mitochondria and free ribosomes (Figure 7a).
Type-II pneumocyte was characterized by the rounded
nucleus in addition to the presence of short microvilli

and its cytoplasmic secretory granules (lamellar bodies)
besides rough endoplasmic reticulum and free ribosomes
(Figure 7b). Alveolar macrophages appeared with
an irregular outline and kidney-shaped nucleus. The
cytoplasm contained free ribosomes, rough endoplasmic
reticulum and abundant lysosomes (Figure 7c¢).

Ultrastructural examination of the GA3-treated
lung group revealed that the type-I pneumocyte had a
condensed nucleus and destructed mitochondria (Figure
8a). Type-II pneumocyte showed a rounded nucleus with
condensed chromatin and widening of the perinuclear
space, distorted mitochondria, dilated rough endoplasmic
reticulum, loss of lamellar bodies lamellae and microvilli,
and the presence of dense bodies in addition to areas of
rarified cytoplasm (Figure 8b). Some cells appeared with
markedly vacuolated cytoplasm with empty lamellar
bodies. The alveolar macrophages had an eccentric
nucleus with peripheral condensation of chromatin, an
irregular outline with long pseudopodia and electron-dense
endocytic vesicles (Figure 8c).

The electron microscopic examination of the GA3/
NAC-treated lung group revealed that the type-I
pneumocyte appeared with a flat nucleus surrounded by
thin cytoplasm with branched processes (Figure 9a). The
type-Il pneumocyte with preserved microvilli, round
euchromatic nucleus, lamellar bodies, mitochondria,
rough endoplasmic reticulum and free ribosomes appeared
similar to that of the control group (Figure 9b). Alveolar
macrophages with their characteristic kidney-shaped
nuclei, irregular cytoplasmic projections and electron-
dense cytoplasmic granules were seen (Figure 9c¢).

Morphometric results

The statistical analysis demonstrated a significant
increase of the area % of the collagen fibres and mean
interalveolar septum thickness of the GA3-treated
group compared to the control group. There was a
significant decrease of the area % of collagen fibres
and mean interalveolar septum thickness of the GA3/
NAC group compared to those of the GA3-treated group
(Tables 1,2, Histograms 1,2).
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Fig. 1: Photomicrographs of haematoxylin and eosin-stained sections of a control lung group showing: la) normal lung architecture with a clear alveolar
duct (AD), alveolar sacs (AS), alveoli (A), blood vessel (BV) and bronchiole (B) (X200). 1b) thin interalveolar septa (arrowhead), blood vessels (BV) and
bronchiole with folded mucosal lining (B) and continuous muscle layer (arrow) (X400). 1¢) a thin interalveolar septum with flattened type-I pneumocyte (thin
arrow), cuboidal type-1I pneumocyte with rounded nuclei (thick arrow) and capillaries (C) lining the alveolar space (A) (X1000).
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Fig. 2: Photomicrographs of haematoxylin and eosin-stained sections of a GA3-treated lung group showing: 2a) thickened interalveolar septa (arrowhead),
collapsed alveoli (double arrow) and congested blood vessels (BV) (X200). 2b) foamy macrophages (kinked arrow) laden with hemosiderin (arrow with double
stroke) and thickened interalveolar septa (arrowhead) (X400). 2¢) a disorganized bronchiolar wall (B) with intrabronchial cellular debris (*), a congested
thick-walled blood vessel (BV), collapsed alveoli (double arrow) and thickened interalveolar septa (arrowhead) (X400). 2d) interstitial cellular infiltration with
lymphocytes (interrupted arrow) and neutrophils (short thick arrow), thick-walled blood vessel (BV) and thickened interalveolar septa with collapsed alveoli
(double arrow) (X400). e) thickened interalveolar septa (arrowhead), cells with a high nuclear-cytoplasmic ratio (zigzag arrow) and alveolar macrophages (m),
type-I pneumocytes with pyknotic nuclei (thin arrow), type-II pneumocytes with pyknotic nuclei and vacuolated cytoplasm (thick arrow), collapsed alveoli
(double arrow) and extravasated red blood cells (curved arrow) (X1000).
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Fig. 3: Photomicrographs of haematoxylin and eosin-stained sections of a GA3/NAC-treated lung group showing: 3a) clear alveolar duct (AD), alveolar sacs
(AS), alveoli (A), relatively thin interalveolar septa (arrowhead), bronchiole (B) and blood vessel (BV) (X200). 3b) a bronchiole with folded mucosal lining (B)
and continuous muscle layer (long arrow), blood vessel with a thick wall and intact intima (BV), residual interstitial cellular infiltration invading a bronchial
wall (interrupted arrow) (X400). 3¢) an interalveolar septum with flattened type-I pneumocytes (thin arrow), cuboidal type-1I pneumocytes (thick arrow) and
alveolar macrophages (m). Residual extravasated red blood cells (curved arrow) are observed (X1000).
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Fig. 4: Photomicrographs of Masson's trichrome-stained sections of: 4a) a control lung group showing little collagen fibres in blood vessels, bronchioles and
interalveolar septa (arrow) (X400). 4b) a GA3-treated lung group showing profuse collagen fibres deposition in the walls of blood vessels (BV), bronchioles
(B), interalveolar septa (arrow) and around obliterated alveoli (*) (X400). 4c) a GA3/NAC-treated lung group showing relatively fewer collagen fibres
deposition in the walls of the blood vessels, bronchioles and interalveolar septa (arrow) (X400).
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Fig. 5: Photomicrographs of toluidine blue-stained semithin sections of a control lung group (a-b) and the GA3-treated group (c-¢) showing: 5a) normal lung
architecture with clear alveolar ducts (AD), alveolar sacs (AS), alveoli (A), thin interalveolar septa (arrowhead), blood vessel (BV) and bronchiole (B) (X200).
5b) a thin alveolar wall lined by type-I pneumocytes with flat nucleus (thin arrow) and type-II pneumocytes with a rounded nucleus, prominent nucleolus, and
vacuolated cytoplasm (thick arrow), alveolar macrophages with their characteristic eccentric kidney-shaped nuclei and irregular outline (m), alveolar lumen (A)
and blood capillaries (C) (X1000). 5¢) thickened interalveolar septa (arrowhead), a thick-walled blood vessel (BV), a bronchiole with denuded lining (B) and
interstitial monocellular infiltrate (interrupted arrow) (X200). 5d) collapsed alveoli (double arrow), thick interalveolar septum (arrowhead), type II pneumocytes
with pyknotic nuclei and vacuolated cytoplasm (thick arrow), macrophages with coarsely vacuolated cytoplasm (m), bronchioles with disorganized lining and
discontinuous walls (B) and congested capillaries (C) (X1000). Se) macrophages with a darkly stained kidney-shaped nucleus and vacuolated cytoplasm (m),
a disorganized lined bronchiole (B) with a discontinuous wall (long arrow) and a congested irregular walled blood vessel (BV) (X1000).
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Fig. 6: Photomicrographs of toluidine blue-stained semithin sections of a GA3/ NAC-treated lung group showing: 6a) relatively thin interalveolar septa
(arrowhead) and blood vessels (BV) (X200). 6b) a clear alveolar cavity (A), interalveolar septa (arrowhead) lined by type-I pneumocyte with flat nucleus (thin
arrow) and type-II pneumocyte with rounded nucleus (thick arrow), a bronchiole (B) with a continuous wall (long arrow) and macrophages with kidney-shaped
nuclei (m) (X1000)

Fig. 7: Electron micrographs of ultrathin sections of a control lung group showing: 7a) a type-I pneumocyte with a flattened nucleus (N), mitochondria (M),
rough endoplasmic reticulum (rER) and free ribosomes (r). Notice an adjacent endothelial cell (E) to the basement membrane of the type-I pneumocyte
(arrowhead) (X10000). 7b) a type-II pneumocyte with a nearly rounded nucleus (N), lamellar bodies (L), mitochondria (M), rough endoplasmic reticulum
(rER) and free ribosomes (r). Short microvilli are seen on the surface of the cell (arrowhead) (X10000). 7c¢) an alveolar macrophage with a kidney-shaped
nucleus (N) and an irregular outline (arrow). The cytoplasm contains free ribosomes (r with interrupted arrow) and lysosomes (L with interrupted arrow) are
also observed (X3600).
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Fig. 8: Electron micrographs of ultrathin sections of a GA3-treated lung group showing: 8a) type-I pneumocyte with condensed nucleus (N) and destructed
mitochondria (M) (X10000). 8b) type-II pneumocyte having nucleus with condensed chromatin (N) and wide perinuclear space (arrowhead), dilated rough
endoplasmic reticulum cisternae (tfER), distorted mitochondria (M) and rarified cytoplasm (*). Loss of microvilli (arrow) and dense bodies (open arrow) could
be observed (X10000). 8c) alveolar macrophages with kidney-shaped nucleus and peripheral condensation of chromatin (N) and irregular outline with long
pseudopodia (arrow). Many electron-dense endocytic vesicles (arrowhead) are observed. Type Il pneumocyte is observed with markedly vacuolated cytoplasm
(double arrow) with empty lamellar bodies (L) (X3600).
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Fig. 9: Electron micrographs of ultrathin sections of a GA3/NAC-treated lung group showing: 9a) type-I pneumocyte with flattened nucleus (N), mitochondria
(M) and branched cytoplasmic processes (*) (X10000). 9b) type-II pneumocyte with rounded nucleus (N), lamellar bodies (L), rough endoplasmic reticulum
(rER), mitochondria (M), free ribosomes (r) and Preserved microvilli (arrowhead) (X10000). 9¢) alveolar macrophages with kidney-shaped nuclei (N), irregular
outlines with long pseudopodia (arrow) and electron-dense granules (arrowhead) (X3600).
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Table 1: Mean area percentage of collagen fibres deposition in
the lung of the different experimental groups

Groups Mean + SD p-value
Control group 24.75 +0.60
GA3-treated group 41.16+0.18 P1<0.05*
GA3/NAC-treated group 25.32+1.18 P2<0.05"

P1: Significant difference compared to the control group.
P2: Significant difference compared to the GA3-treated group.

Table 2: Mean thickness of the interalveolar septum of the
different experimental groups

Groups Mean + SD p-value
Control group 7.92+0.33
GA3-treated group 15.57+0.74 P1<0.05*
GA3/NAC-treated group 8.32+0.69 P2<0.05"

P1: Significant difference compared to the control group.
P2: Significant difference compared to the GA3-treated group.
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Histogram 1: The means of the interalveolar septum thickness in the
different studied animal groups
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Histogram 2: The means of the area % of collagen fibres in the different

studied animal groups

DISCUSSION

Gibberellic acid is a plant growth regulator largely
used in agriculture in many countries including Egypt.
It is widely used to increase the growth of many crops
such as tomatoes, grapes, strawberries, cauliflower and
cabbages!'”l. Its potential hazardous effect on mammals
is relatively unclearly explored especially the detailed
structural effect on the lung.

In this work the light microscopic examination of
the lung sections of the GA3-treated group revealed
disturbed architecture with obvious thickening of the inter-
alveolar septa in addition to collapsed alveoli. This is in
agreement with Hussein ef a/l' who documented severe
hepatic damage and excessive fibrosis in the GA3-treated
rats owing to reactive oxygen species (ROS) production.
Excessive deposition of collagen fibres was observed in
this work by examination of Masson's trichrome-stained
GA3-treated rat lung sections. This finding was confirmed
by the morphometric analysis that indicated a significant
increase of the area % of collagen deposition in the GA3-
treated group in comparison to the control one. Deposition
of collagen fibres could be produced by ROS which initiate
profibrotic transforming growth factor- B stimulation that
augments fibroblasts proliferation and pulmonary fibrosis
ensuet'’l.

The inter-alveolar septal thickness was also measured to
assess the possibility of air-blood barrier interruption that
could occur because of the deposition of collagen fibres.
The present results indicated that there was a significant
increase of the interalveolar septum thickness of the lung
sections of the GA3- treated rats in relation to that of the
control. This comes in accordance with Alsemeh, et al.*"
who showed marked fibrosis in the portal area in the liver
of GA3- treated rats and assumed that GA3 treatment
caused lipid peroxidation that led to protein and nucleic
acid damage, triggering the enhancement of collagen fibres
formation.

Extravasation of RBCs was observed in the lung of
GA3-treated group. This is similar to the results of Omar
and Sarhan?! who attributed this to alveolocapillary
membrane injury and the subsequent endothelial cell
injury??. Oxidative stress was reported to induce lung
oedema by increasing the blood gas barrier permeability!?*!.

These results are also compatible with those of Troudi
et al' who found a significant decrease in glutathione
peroxidase (GPx), catalase (CAT) and superoxide
dismutase (SOD) activities in the GA3-treated rats. And
that in turn, impedes the biological defense mechanisms
against intracellular oxidative stress.

In addition, the wall of the bronchioles of the GA3-
treated rat lung of the present study was found to be
disorganized with detectable intrabronchial cellular debris.
This can be ascribed to the GA3 toxicity on the mucosal
lining of bronchioles. Similar observations were reported
by Zidan?¥ in the lung of amiodarone-treated rats. It was
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documented that GA3 exposure renders the cells unable to
scavenge ROS and eventually leads to oxidative damage
and cell death”,

Blood vessels and capillaries congestion observed in
the GA3-treated rat lung of the present work comes in
harmony with the study of Hassan et al.*®! who noticed
congested blood vessels, extravasation of red blood cells
and interstitial haemorrhage in the renal cortex in the
offspring of mothers exposed to GA3 during pregnancy
and lactation.

In the present study a mononuclear cellular infiltration
of the interalveolar septa, around bronchioles and blood
vessels was noticed. This is in accordance with Erin et al.l%
who detected inflammatory cells infiltration of the wall
of the urinary bladder in 30-day GA3-treated rats. Robert
et al P reported that the inflammatory responses in the form
of an influx of macrophages, neutrophils and lymphocytes
are correlated with the early stage of pulmonary fibrosis.

In this work, haemosiderin-laden macrophages were
observed in the interalveolar septa of the GA3-treated
lung sections. This finding could be attributed to the
process of engulfing of the extravasated RBCs. The foamy
macrophages observed in this work were also noticed
by Omar and Sarhan®! in an animal model of aspiration
pneumonia and by Hamam et al.”® in the lung interstitium
of the carbon tetrachloride (CCL4)-treated adult rats. Their
presence is a response of type-II pneumocytes to injury
by discarding surfactant lipids in the alveolar spaces. The
surfactant lipid reuptake is impaired by type-II pneumocyte.
Accumulation of lipid represents an essential stimulus
for the influx of macrophages into the lung likewise the
accumulation of these lipid-laden macrophages or foam
cells triggering lung fibrosis?’l.

Moreover, Troudi et al!"l speculated that GA3-
treatment cause phospholipids degeneration and
deterioration of cell as a result of peroxidation of
polyunsaturated fatty acids. Intracytoplasmic accumulation
of phospholipids due to its abnormal degradation promotes
phagocytic cells to accumulate lipids heavily leading to
vacuolated pneumocytes type-II and foamy macrophages
appearance. This imbalance between surfactant production
and degradation could explain the alveolar collapse that
was observed in lung sections of rats treated with GA324,

Large cells with large darkly stained nuclei were
noticed in the GA3-treated lung sections of the present
work. Similar cells were noticed by Kassab et al.2% who
described their presence to be an intermediate stage in the
type-1I to type I pneumocytes differentiation in response to
the lung injury.

The ultrastructure examination of type-I and type-
II pneumocytes of the GA3-treated lung sections of the
present work showed degenerative changes. This finding
could be explained by peroxidation of membrane lipid
effects induced by the ROS as explored by Troudi et al.B".
They reported that GA3-exposed rat liver showed swollen

hepatocytes, cytoplasmic vacuolization and autolysis of
nuclei. Cytoplasmic swelling and vacuolization are known
to be a response to cell injury and oxidative stress®!. Guo
et al™ proved that GA3 induces ovarian granulosa cells
apoptosis.

NAC by supplying sulthydryl groups behaves as a
direct ROS scavenger and a reduced glutathione precursor.
Thus, it can regulate the balance between oxidants and
antioxidants in the cells. Moreover, it interferes with the
cellular reactions that regulate angiogenesis, apoptosis,
inflammatory response, cell growth and arrest, and redox-
regulated gene expression(').

The present findings revealed that the lung sections of
the GA3/NAC group preserved the architecture that was
found in the GA3-treated group, and this is confirmed
statistically. There was a decrease in the inflammatory
cell infiltration and this was explained by Cazzola et al.*?
who postulated that NAC attenuated the chemoattractant
properties of neutrophils and decreased the neutrophil
burden as a part of its anti-inflammatory property.

This study demonstrated a significant decrease in
the area % of collagen fibres in the lung sections of the
GA3/NAC-treated group in comparison to the GA3-
treated group was present. This comes in accordance with
Elswefy et al.®¥ who studied the anti-fibrotic capacity
of N-acetylcysteine and attributed it to its anti-apoptotic
and anti-inflammatory properties. It was found that NAC
has a similar preventive role on bleomycin-induced lung
fibrosis in ratsP¥. Nevertheless, Xue et al.*® reported
that NAC possesses the capability to suppress the release
of inflammatory cytokines. The present results are in
agreement with Maheswari et al.*® who stated that NAC at
adose 0f 200 mg/kg improved the hepatic histopathological
damages induced by carbamazepine. Moreover, Rosati
et al.B" reported the anti-apoptotic activity of NAC and
attributed this behavior to its capacity of inhibition of
caspase-3 and caspase-7 proteolytic processes, in addition
to inhibition of release of cytochrome ¢ from mitochondria.

CONCLUSION

Gibberellic acid administration causes degenerative and
fibrotic lesions in the lung and should be used cautiously.
N-acetylcysteine is found to be able to ameliorate the GA3-
induced lung structural changes.
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