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Abstract
Background: Paraquat (PQ) is a widely used herbicide. Several cases of chronic poisoning have
been reported in recent years that associated with variety of adverse effects. The most serious
one is pulmonary fibrosis with no effective medication up to now. Recently, exogenous stem
cells have brought new hope and a great promise in repair of numerous diseases.
The objective: So, the present study aimed to detect the histological and immunohistochemical
changes induced by PQ and to investigate the possible repairing effect of stem cells on PQ
induced lung injury in adult male albino rats.
Materials and methods: 36 rats were divided into 3 groups: control group (I), PQ group (II)
received a single dose 20 mg/kg orally and PQ & stem cells group (III) received PQ as group II
and bone marrow derived mesenchymal stem cells at dose of 5x105/200μl PBS intravenous at 24
and 48 hours after PQ ingestion. After 4 weeks, histological, immunohistochemical and
morphometric studies were performed.
Results: Histologically, PQ treated rats displayed many collapsed alveoli with thickened interalveolar septa and marked cellular infiltration. Immunohistochemically, Alpha smooth muscle
actin (α-SMA) were expressed profusely in the fibrotic lesions and a marked reduction in prosurfactant protein–B (SPB) immune-expression was also obvious. While, stem cells treated rats
exhibited a considerable degree of preservation of the alveolar architecture and also for α-SMA
and SPB immune-expression which were proven morphometrically. In conclusion: Stem cells
denote a remarkable therapeutic effect ameliorating Parquats' inflammatory and fibrotic changes
in lung.
Keywords: Paraquat, Mesenchymal stem cells, α-SMA, Surfactant-B, Lung, rat.
Introduction
Paraquat (PQ) is a widely used herbicide in agriculture. It is considered a safe substrate when
used appropriately. However, several acute and chronic poisoning cases have been reported in
recent years [1]. The inhalation and ingestion are the common routes of human exposure leading
to its accumulation in the lung and to a less extent in the liver and kidney. So, lung damage and
pulmonary fibrosis are the most frequent injuries [2].
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Lung injury caused by PQ may be due to alveolar epithelial damage, causing hemorrhage and
edema, or due to myofibroblasts infiltration into the alveolar septa and their differentiation into
fibroblasts causing fibrosis [3]. Researchers suggested that fibrosis started in rats 2 hours after
PQ poisoning [4].
Although, the mechanism of PQ toxicity has not been fully understood, the oxidative stress with
generation of reactive oxygen species (ROS) is considered a main factor. Also, inflammatory,
alveolar type II and endothelial cells secrete many chemical mediators and cytokines aiding in
injury progression [5].
There is no specific antidote or effective treatment proposed for PQ toxicity. So, its toxicity or
poisoning management has been predominantly limited either to decrease its absorption or to
increase its elimination [6].
Recently, stem cell therapy has been applied in the treatment of many organ diseases. The
regenerative capacity of lung by endogenous stem cell begins when extensive damage occurs.
But, it is not always aids in full recovery. So, researchers pay attention on the exogenous stem
cells for treatment of several lung diseases [7].
So, the present study aimed to detect the histological and immunohistochemical changes induced
by PQ and to investigate the possible repairing effect of stem cells on PQ induced lung injury in
adult male albino rats.
Materials and methods
Animals
Thirty six healthy adult male albino rats (aged 8-10 weeks and weighted 180-200gm) were
obtained and housed in plastic cages with stainless steel wire-bar lid in the Animal house,
Faculty of Medicine, Zagazig University under standard conditions (temperature 23±2ºC,
humidity 50±5%, 12:12h light/dark cycle). The rats were left to acclimate for 1 week prior to any
use in the experiment. All the ethical issues were considered based on the medical research
ethics committee of Zagazig University (Egypt).
Reagent
Paraquat (PQ) was obtained in the form of powder (CAS Number: 75365-73-0) from Sigma
Aldrich (St. Louis, MO, USA).
Bone marrow derived-mesenchymal stem cells (BM-MSCs)
These cells were labeled with PKH-26 (red fluorescence cell linker). They were provided by The
Stem Cell Research Unit in Biochemistry Department, Kasr Al-Ainy Faculty of Medicine, Cairo
University.
Detection of stem cells homing
Lung tissue sections were examined with a fluorescent microscope (Olympus BX50F4, No.
7M03285, Tokyo, Japan) to detect and trace the cells stained with PKH-26 in Biochemistry
Department, Faculty of Medicine, Zagazig University
Experimental Design
Rats were equally divided into three groups as follow:
Group I: (Control Group) which was further subdivided equally into 3 subgroups; the negative
control group (IA) received no treatment, the vehicle control group (IB) received a single dose of
0.5 ml sterile saline (solvent of PQ) using intra-gastric tube and the vehicle control group (IC)
received 0.5 ml phosphate buffer saline (PBS) (suspension of MSCs) intravenous through tail
vein.
Group II: (PQ group) received a single dose 20 mg/kg body weight of PQ diluted in 0.5 ml
sterile saline using intra-gastric tube [8].
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Group III: (PQ + BM-MSCs) received PQ as in group II then the rats received 5 x 105/ 200µl of
PBS fluorescent labeled bone marrow derived MSCs intravenously through the tail vein at 24 &
48 hr after PQ ingestion [9& 10].
At the end of the experiment (4 weeks after PQ ingestion), rats of all groups were fasted
overnight then anaesthetized and were sacrificed by intraperitoneal injection of thiopental (50
mg/kg). Their thoracic cages were opened, lungs were dissected out and samples from the lower
left lobes of the lungs were taken.
Histological Study
Light microscopic study
Specimens from the lower left lobes of the lungs from each animal were fixed in 10% saline
formalin and processed to prepare 5 μm thick paraffin sections for Haematoxylin and Eosin
(H&E) stain and Mallory’s trichrome (MT) stain [11]. For Immunohistochemical staining,
Paraffin sections (4 μm) were dewaxed, hydrated, and microwave-treated, and then blocked in a
normal mouse serum. The sections were incubated with the specific primary antibody overnight
(4°C) then with biotinylated secondary antibodies followed by streptavidin conjugatedhorseradish peroxidase. Staining was completed by incubation with 3, 3’–diaminobenzidine
(DAB).
Immunohistochemical staining was done with anti- alpha smooth muscle Actin (α-SMA)
antibody (rabbit polyclonal antibody; No. ab5694; dilution 1/50; Abcam, Cambridge, UK) to
localize myofibroblast [12] and anti-pro-surfactant protein–B (SPB) (rabbit polyclonal antibody;
No. ab40876; dilution 1/50; Abcam, Cambridge, UK) to detect surfactant secreting cells [13].
Electron microscopic study
Specimens were fixed in glutaraldehyde and post fixed in osmium tetroxide. Then, they were
dehydrated, embedded in resin and the ultrathin sections (Leica ultra-cut UCT) were stained with
uranyl acetate and lead citrate [14]. Sections were examined and photographed by (JEOL JEM
1010 transmission electron microscope; Jeol Ltd., Tokyo, Japan) in the Regional Center of
Mycology and Biotechnology (RCMB), Al- Azhar University, Egypt.
Image analysis and morphometric studies
Leica Quin 500 Image Analyzer (Leica Ltd., Cambridge, UK) in the Image Analyzing Unit of
the Pathology Department, Faculty of Dentistry, Cairo University (Egypt) was used. Alveolar
septal thicknesses were performed in H&E stained sections. Positive cells in anti SPB immune
stained sections were counted. In addition, the area% of collagen fibers in MT stained sections
and ＋ve α-SMA immunoreactivity in immunostained sections were also measured. These
measurements were done in 10 nonoverlapping high power fields using binary mode.
Statistical analysis:
The obtained data were expressed as means± standard deviation (SD) and compared using oneway analysis of variance (ANOVA). P value ＜0.05 were considered statistically significant
[15].
Results
Fluorescent microscopic evaluation
Fluorescence microscopy image revealed PKH26 labeled cells as bright red dots in lung sections
(Fig. 1).
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Fig. (1): a section of stem cell treated lung showing PKH26 labeled cells appearing as bright
dots within the alveolar wall (arrow). (Fluorescent Microscope).
Histological results
Group I (the control group)
Examination of all control subgroups showed nearly similar histology. Therefore, the negative
control figures only were presented. H&E-stained sections revealed the normal lung architecture;
rounded or polygonal alveoli and alveolar sac (Fig. 2A). Patent alveoli with thin inter-alveolar
septa were observed. Their lining epithelium composed of squamous cells (pneumocytes type I)
and cuboidal cells (pneumocytes type II) (Fig. 2B). Mallory’s trichrome-stained sections
revealed minimal collagen fibers in the interalveolar septa, around the bronchioles and blood
vessels (Fig. 2C).

Fig. (2): Photomicrograph of histological sections of the control rat (group I). (A&B): Normal
lung architecture with rounded or polygonal alveoli (a) and alveolar sacs (S) are observed. The
lining epithelium is composed of squamous type I pneumocytes with flat nuclei (arrow) and
cuboidal type II pneumocytes with rounded nuclei (arrow head). Note, thin inter-alveolar septa
(curved arrow) are nearly in all fields. (C): Blue staining for minimal amount of collagen fibers
(arrow) is seen in the inter-alveolar septa, around bronchiole (B) and the blood vessel (BV).
[H&E (A, B) Mallory’s Trichrome (C)].
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Immunohistochemical-stained sections for alpha smooth muscle actin (α-SMA) revealed weak
positive immunoreaction within the inter-alveolar septa and at smooth muscle knobs (Fig. 3A),
and sections stained for pro-surfactant protein–B (SPB) recruited a normal distribution of
positively immune-expressed cells. Pneumocytes type II secreting surfactant-B showed a brown
cytoplasm (Figure 3B).

Fig. (3): Photomicrograph of immunohistological sections of the control rat (group I). (A): Cells
within the inter-alveolar septa and at smooth muscle knob show a weak positive α-SMA
immunoexpression (arrow). (B): Normally distributed cells in the alveolar wall show a positive
SPB cytoplasmic immunoexpression (arrow).
Electron microscopic examination showed patent alveoli with thin inter-alveolar septa containing
few interstitial cells. Pneumocytes type I with attenuated cytoplasm and flat euochromatic nuclei
and pneumocytes type II with centrally placed nuclei were seen in the alveolar wall (Fig.4A).
Type II cells appeared with rounded nuclei, well defined lamellar bodies, numerous
mitochondria and also obvious microvilli (Fig.4B). Normal blood air barriers with attenuated
cytoplasm of type I pneumocytes, fused basal lamina and the cytoplasm of the capillary
endothelial cells were good clarified (Fig. 4C).
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Fig. (4): Electron micrograph of lung sections from the control rats (group I). (A): An alveolus
(A) lined by pneumocyte type I (P1) with flat euchromatic nucleus (n1) and pneumocyte type II
(P2) with centrally placed nucleus (n2) is observed. Thin inter-alveolar septa (S) containing
interstitial cells (Ic) and blood capillary (C) are seen. (B): Pneumocyte type II (P2) with central
euchromatic nucleus (n), defined lamellar bodies (arrow) and many mitochondria (m) are seen.
Microvilli (arrow head) appear on its surface. (C): Blood air barrier normally formed of
attenuated cytoplasm of pneumocyte type I (thick arrow), fused basal lamina (arrow head) and
cytoplasm of capillary endothelial cell (thin arrow).
Group II (PQ group)
Examination of H&E-stained sections from the PQ treated lung sections of adult male albino rats
revealed marked changes; most of the alveoli were collapsed with marked thickening of the
inter-alveolar septa. Extensive inflammatory cellular infiltrations around the bronchioles and
infiltrating their epithelium with some luminal exfoliated cells were seen (Fig. 5A) and also
congested blood vessels were observed (Fig. 5B). Mallory’s trichrome stained-sections revealed
extensive deposition of collagen fibers in inter-alveolar septa (Fig. 5C), around bronchioles and
blood vessels (Fig. 5D).

Fig. (5): Photomicrograph of histological sections of the PQ treated rat (group II). (A&B):
Collapsed alveoli (ca) with thickened inter-alveolar septa (arrow) are well observed. Marked
inflammatory cellular infiltration (IF) are seen around the bronchiole (B) and infiltrating its
epithelium (arrow head) with luminal exfoliated cells (wavy arrow). Congested blood vessel
(BV) is also observed. (C &D): Blue staining for extensive amount of collagen fibers (arrow) in
the inter-alveolar septa, around the bronchiole (B) and the blood vessel (BV). [H&E (A, B)
Mallory’s Trichrome (C, D)].
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Immunohistochemical-stained sections for α-SMA revealed strong positive immunoreaction
within the inter-alveolar septa (Fig. 6A), and sections stained for SPB showed few positive
immune-expressed cells in the alveolar wall in most of the lung sections (Fig. 6B).

Fig. (6): Photomicrograph of immunohistological sections of the PQ treated rats (group II). (A):
Cells within the inter-alveolar septa (arrow) show a strong positive α-SMA immunoexpression.
(B): A few positive SPB cytoplasmic immunoexpression (arrow) in some alveolar walls are
observed.
Electron microscopic examination revealed major changes when compared with the control
group. Thick inter-alveolar septa with many cells, blood capillaries and also collagen fibers were
observed (Fig. 7A). Pneumocytes type II appeared with irregular heterochromatic nuclei, regular
and irregular empty lamellar bodies forming vacuoles in the cytoplasm. Abundant collagen fibers
were also observed (Fig. 7B). Deformed blood air barriers in the form of extensive separations
containing collagen fibers between the basal lamina of type I & endothelial cells were obvious.
Wide irregular cytoplasm of capillary endothelial cells were also noticed (Fig. 7C).

Fig. (7): Electron micrograph of lung sections from the PQ treated rats (Group II). (A): Thick
inter-alveolar septa (S) with many interstitial cells (Ic), collagen fibers (thick arrow) and blood
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capillaries (C) are observed. Pneumocyte type II (P2) with irregular nucleus (n), empty lamellar
bodies (thin arrow) and ill identified microvilli (arrow head) are seen. (B): Pneumocyte type II
(P2) with irregular nucleus (n) and some regular empty lamellar bodies (thin arrow) but others
irregular (arrow head) forming vacuoles in the cytoplasm are observed. Abundant amount of
collagen fibers (thick arrow) is noticed.(C): deformed blood air barrier with cytoplasm of
pneumocyte type I (thick arrow), well separated (S) two basal lamina (arrow head) containing
collagen fibers (Co) and relatively wide irregular cytoplasm of capillary endothelium (thin
arrow) is seen.
Group III (PQ + BM-MSCs)
Examination of H&E-stained sections of this group showed an improvement or nearly normal
lung structure, but less than the control. They revealed normal alveoli and thin inter-alveolar
septa (Fig. 8A). The lining alveolar epithelium composed of defined squamous cells
(pneumocytes type I) and cuboidal cells (pneumocytes type II) but some septal thickening and
collapsed alveoli were still present (Fig. 8B). While, Mallory’s trichrome-stained sections
revealed minimal blue staining for collagen fibers in the inter-alveolar septa, around the
bronchioles and blood vessels (Fig. 8C).

Fig. (8): Photomicrograph of histological sections of the PQ with MSCs treated rat (group III).
(A& B): Apparently normal alveoli (a), alveolar sacs (S) and relatively thin inter-alveolar septa
(curved arrow) are seen. Squamous type I pneumocyte with flat nuclei (thin arrow) and other
cuboidal type II pneumocyte with rounded nuclei (arrow head) are seen lining the alveolar walls.
Note, few collapsed alveoli (star) with relatively thick inter-alveolar septa (thick arrow) (C):
Blue staining for minimal amount of collagen fibers (arrow) in the inter-alveolar septa, around
the bronchioles (B) and blood vessels (BV). [H&E (A, B) Mallory’s Trichrome (C)].
Some or few fields of lung sections revealed relatively weak and few positive immunoreactions
for α-SMA within the inter-alveolar septa (Fig. 9A). Relative normal positive immuneexpressions for SPB secreting cells in some fields were observed (Fig. 9B).
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Fig. (9): Photomicrograph of immunohistological sections of the PQ with MSCs treated rat
(group III). (A): Some cells within the inter-alveolar septa (arrow) show a weak positive α-SMA
immunoexpression. (B): Some alveolar walls show few cells with positive SPB cytoplasmic
immunoexpression (arrow).
The electron microscopic examination revealed nearly normal structures. Apparently normal
alveoli with relatively thin inter-alveolar septa containing minimal amounts of collagen fibers
were observed (Fig. 10A). Pneumocytes type II with irregular nuclei, clear lamellar bodies and
numerous mitochondria were seen (Fig. 10 A& B). Nearly normal blood air barriers were
observed, but irregular attenuated cytoplasm of type I pneumocytes, little separation in some
sites between two basal lamina of both cells (type I & endothelial) containing a few amount of
collagen fibers were detected (Fig. 10C).

Fig. (10): Electron micrograph of lung sections from the PQ + MSCs treated rats (Group III).
(A): Apparently normal alveolus (A) with relatively thin inter-alveolar septum (S) containing
minimal amount of collagen fibers (thin arrow). Pneumocyte type II (P2) appears with irregular
nucleus (n) and lamellar bodies (thick arrow) in its cytoplasm. (B): Pneumocyte type II (P2) with
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irregular nucleus (n), lamellar bodies (thick arrow) and numerous mitochondria (m) are seen.
Note, minimal amount of collagen fibers (Co) (C): A nearly normal blood air barrier is
observed; irregular attenuated cytoplasm of type I pneumocyte (thick arrow), fused basal lamina
(arrow head) but little separation (S) in some sites between two basal lamina of both cells (type
II & endothelial) containing few amount of collagen fibers (bifid arrow). Notice red blood cell in
the capillary lumen (R).
Morphometric and statistical results
Our statistically analyzed results for alveolar septal thicknesses, number of anti-SPB immunestained cells, area percentage of positive collagen fibers and anti α-SMA immune reactivity in
different groups were summarized in (Table 1).
Table 1. Alveolar septal thicknesses, number of anti-SPB immune-stained cells, area
percentage of positive collagen fibers and anti α-muscle Actin immune reactivity in
different groups
Group
Group
Group
III
Parameter
I
II

Alveolar septal thicknesses
(µm)

7.2± 2.7*b
7.13± 2.8

11.7± 4.3*a
15.0 ± 0.67*b

Anti SPB cell count

17.93 ± 1.07

6.93 ± 0.83*a

area % of collagen fibers

2.6± 2.8

14± 4.3*a

5.5± 2.04*b

area % of α smooth muscle actin

1.87± 1.7

16±5.07*a

2.25±1.5*b

*: Significant difference (P < 0.05).
a: P value compared with group I.
b: P value compared with group II.
Discussion
Paraquat (PQ) is a well-known herbicide widely used in the world. Unfortunately, its excessive
use causes damage to the lung and other organs [16]. The lungs are preferentially targeted owing
to the rapid uptake and accumulation of PQ in lung cells, especially in the alveolar epithelium.
PQ is similar in its chemical structure to amines that have a transport system in types I and II
alveolar cells; so, it can enter into them followed by release of free radicals, which lead to cell
death [17].
In the current work, hematoxylin and eosin stained sections from adult rats' lungs of PQ treated
group revealed that the alveolar lining cells had darkly stained nuclei and many alveoli were
collapsed with thick interalveolar septa. Similar changes were seen by Zhao et al. [18] who
explained them by degeneration of type II pneumocytes which affect surfactant secretion leading
to airway collapse and chronic obstructive pulmonary disease.
The thickened inter alveolar septa seen in our study was confirmed morphometrically when
compared to the other groups. Riahi et al. [19] mentioned that the PQ lung injury induce
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adhesion and infiltration of neutrophils and macrophage that generate cytokines and chemokines,
which lead to endothelial damage, expansion of vascular permeability and edema.
Glavin et al. [20] founded fibroblasts and collagen fibers in the inter-alveolar septa. These
findings were in the same line with our findings of increased collagen, both by light microscope
using Mallory’s trichrome stain and electron microscope and confirmed morphometrically by a
significant increase in their area %. Also, increased collagen fibers were approved by a
significant increase in the mRNA expression of transforming growth factor beta (TGF-b),
connective tissue growth factor, matrix metalloproteinase (Mmp) and collagen type I and III
after PQ poisoning [21] and Endothelin-1(ET-1); which stimulates fibroblast growth [22]. Type
II cells normally secrete prostaglandin E2, to suppress fibroblast growth, whose absence due to
cell degeneration enhances fibroblast growth and collagen synthesis [2].
In the current work, vascular congestion, exfoliated bronchiolar cells and heavy cellular
infiltration were detected. They were similar to that observed by Grommes and Soehnlein [23]
who reported that the influx of inflammatory cells into the interstitium and broncho-alveolar
space is recruited from the circulation when local defenses are overwhelmed by injurious or
toxic substances. These inflammatory cells can damage epithelium and sub-epithelial structures
by secreting several chemotactic substances with the resultant excessive fibro-proliferation,
which occur due to ineffective repair and epithelial regeneration [24&25]. Unfortunately,
fibrosis affects the mechanics of the blood vessels and increases arterial stiffness that may lead to
pulmonary hypertension [26].
In the present study, ultrastructurally, pneumocyte type II cells appeared with irregular
heterochromatic nuclei, vacuolated cytoplasm and empty or irregular lamellar bodies. These
results were in accordance with Dinis-oliveira et al. [27] who explained that PQ induces DNA
fragmentation of alveolar cells that affects the membrane transport proteins, immune responses
and major signal pathways. Also, PQ up regulates apoptosis-associated genes in the alveolar
cells such as trithorax (TRX) and heme oxygenase-1 (HO-1) in prolonged intoxication. In
addition, free radicals produced by PQ oxidative process results in damage of the mitochondria
with affection of energy production needed for the metabolic pathways [28]. These free radicals
also cause fragmentation and vacuolation of the cells by release of lysosomal enzymes into the
cytoplasm [29].
In the current work, thickened air barrier was obvious in PQ group with excessive collagen fibers
interspersed. This thickening was attributed to thickening of the alveolar and the vascular basal
lamina by oxidative modification of their protein and carbohydrate content [30]. It was also
explained by excessive production of transforming growth factor b1 (TGF-b1) which stimulates
fibroblast to produce type I and VI collagen fibers [31].
Mesenchymal stem cells (MSCs) charactarized by expression of low levels of human leucocytic
antigen (HLA) class I and class II allowing the escape of recognition. Furthermore, they suppress
T cell proliferation and so, do not elicit an immune response in the recipients. These advantages
of MSCs motivated many researchers to study their therapeutic effects on many organs [32].
Homing of MSCs to certain organ in response to signals is a multi-step process that includes cell
attachment and rolling in the vessel lumen, adhesion and extravasation across the vascular
endothelium then migration through the tissue stroma [33].
In the present study, bone marrow mesenchymal stem cells (BM-MSCs) treated group revealed
obvious improvement in lung structure. Apparently normal alveoli with thin inter-alveolar septa,
few amounts of collagen fibers were present in most lung fields and these results confirmed
statistically. The results were consistent with previous studies on the beneficial therapeutic
effects of stem cells [34& 35]. Our light microscope findings were supported by the
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ultrastructural results such as, nearly normal type II cells with their lamellar bodies, few
interstitial cells and also a characteristic blood air barrier.
Several previous biochemical studies elucidated different stem cells mechanisms; the major one
was antioxidant activity. The treatment with BM-MSCs tended to normalize most of the upregulated oxidative stress markers as malonaldehyde (MDA) and myeloperoxidase (MPO) and
the down-regulated antioxidant as superoxide dismutase (SOD), cayalase (CAT) and Glutathione
reductase (GR) by obstructive lung diseases [36]. Another mechanism was anti-inflammatory by
reducing the pro-inflammatory cytokines as tumor necrosis factor-a (TNF-a), interlukin- (IL)
1&6 and secreting anti-inflammatory agents as IL-10 and IL-13 [34&37]. Also, BM-MSCs can
release prostaglandins (PGE2) acting on the EP2 and EP4 receptors on the macrophages,
increasing the IL-10 production that can beneficially modulate the host immune response and
reduce the inflammation [38& 39].
The ability of BM-MSCs in attenuating lung fibrosis occurs by inhibition of the pro-fibrotic
cytokines, TNF-α and IL-1 through a paracrine mechanism [40]. Moreover, they induced
changes in the fibroblast characterized by decreasing collagen and increasing hyaluronic acid
production in fibroblasts co-cultured with MSCs [41]. Also, acceleration of fibrosis resolution
occurs through epithelial restitution and subsequently secretion of surfactant protein C (SP-C)
and Secretoglobin (cytokine-like secretory protein predominantly expressed in airway epithelial
cells) that have anti-inflammatory and anti-fibrotic activities [42& 43]. Additionally, MSCs can
facilitate lung repair and regeneration by their cytoprotective secretions [44].
BM-MSCs could mobilize into circulation, accumulate at the site of inflammation and
differentiate to form endothelial and epithelial-like phenotype cells as type alveolar I & II [45].
The differentiation of MSCs into alveolar cells was seen in the in vitro study and got new cells
having lamellar bodies and secreting surfactant that reduces surface tension and prevent the
collapse [46]. While other studies postulated that BM-MSCs secrete different soluble factors that
play a vital role in repair, most likely through their anti-apoptotic, angiogenic and
immunomodulatory properties in addition to anti-inflammatory and antioxidant activities [47].
MSCs restore cytoskeletal organization in alveolar epithelial cells. Fortunately, when BM-MSCs
were co-cultured with type II cell, a significant increase in cytoprotective gene expression as
HO-1 and metallothionein (MT) was detected on the third and fourth day after PQ exposures
[48]. BM-MSCs were suggested to have a potential role in helping type II cell to acquire relative
resistant to PQ in addition to inflammatory modulating antioxidant maintaining [28].
Regarding α-SMA immune reaction; in the present work, the PQ group revealed numerous
positive immunoexpressed cells in the inter-alveolar septa which may be myofibroblasts that was
confirmed by a significant increase in the mean area % when compared to other groups.
Myofibroblasts act as contractile cells, promoting the alveolar development during
organogenesis and are located in the walls of venules and alveoli [49] but α-SMA-positive
interstitial cells are not found within the healthy alveolar septa [50]. In response to tissue injury,
quiescent fibroblasts are transformed to active myofibroblasts [51]. In addition, extra-pulmonary
circulating fibrocytes have been reported to migrate to injured sites [52]. Myofibroblast
differentiation is strictly regulated by numerous transcription factors and cytokines acting via
numerous pathways having commonly pro-fibrotic influence [53]. These cytokines were
primarily secreted by the local macrophages [54]. Mechanical regulation is another one as
stiffening of extra-cellular matrix, may itself be an inducer of its differentiation without profibrotic agents [55].
All the above were in line with Kulkarni et al. [56] who found that PQ treatment significantly
led to up regulation of pro-fibrotic genes such as α-SMA, which is considered as a key marker
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for myofibroblasts. Also, the increased TGF expression in PQ toxicity represents a strong
stimulus of α-SMA expression indicating the differentiation of lung fibroblasts into
myofibroblasts [57]. On the other hand, the alveolar epithelial cells lose their epithelial marker
E-cadherin when chronically exposed to TGF-b and inflammation and transformed into
fibroblast-like cells with increased expression of α-SMA, type I collagen, vimentin and desmin
[58]. In the current work, we found a significant decrease in the area % of α-SMA in BM-MSCs
group. It was mentioned that inhibition of TGF-b1 and epithelial mesenchymal transition (EMT)
by cell therapy leads not only to suppress fibrosis but also to down regulate α-SMA which was
elevated during the fibrosis process by TGF-b1 [35&59].
In this work, we found a significant decrease in the number of positive pro-surfactant protein–B
(SPB) immunoexpressed cells in PQ treated group as compared to other groups. Surfactant
protein-B is an essential lipid-associated protein found in lung surfactant. It is
highly hydrophobic, rearranges lipid molecules in the fluid lining alveoli, avoiding contact with
water so, the alveoli can more easily inflate [60 & 61]. The cause of surfactant-deficient state
with PQ is its inhibition by leakage of plasma proteins through the damaged alveoli-capillary
membrane [62]. However, the oxidative/nitrative modification of surfactant may result in a loss
of surface activity, either from degradation or aggregation [63]. PQ intoxication leads to
oxidation of Nicotinamide adenine dinucleotide phosphate (NADPH) to NADP+, disrupting
pulmonary surfactant synthesis [64&65].
Moreover, the levels of TNF- and IL-1 were significantly increased in broncho-alveolar
lavage fluid (BALF) of rats after PQ exposure [66]. IL-1 plays a key role in the development of
acute lung injury and can inhibit fluid transport across the distal lung epithelium causing
surfactant abnormalities [67]. Also, PQ reduces the concentration of the alveolar surface lipids
(e.g. lecithin) which are responsible for decreasing alveolar surface tension. These surface lipids
lead to decrease the ability of the alveoli to contract and expand accurately [68]. In our work, the
significant increase in the area percent of SP-B immunoexpression in BM-MSCs group as
compared to the PQ group may be due to restoring structure and function of pneumocytes type
II. In accordance to Beers et al. [69] who found that TGF-b1 (which was increased in PQ group)
inhibits surfactant component expression, we suggest that stem cell can restore surfactant
function by their inhibiting effect on TGF-b1.
From the results of our study, we concluded that PQ can induce definite inflammatory and
degenerative changes in lung tissues. On the other hand, BM-MSCs present some ameliorating
effects on these PQ induced changes.
References
1 Dinis-Oliveira, R. J., et al. "Paraquat poisonings: mechanisms of lung toxicity, clinical
features, and treatment." Critical reviews in toxicology 38.1 2008; 13-71.
2 Tintinalli JE, Stapczynski JS, Ma OJ, Yealy DM, Meckler GD, Cline DM. Tintinalli’s
Emergency Medicine. New York: McGraw-Hill; 2016.
3 Malerba, M. and Ragnoli, B. Ambroxol in the 21st century: pharmacological and clinical
update. Expert Opin Drug Metab Toxicol; 2008; 4: 1119–1129.
4 Hui xie, Wang R, Tang X, Xiong Y, Xu R, Wu X. Paraquat induced pulmonary fibrosis starts
at an early stage of inflammation in rats. Immunotherapy. 2012; 4(12):1809-1815.
5 Narasimhan, Madhusudhanan, et al. "Hydrogen peroxide responsive miR153 targets Nrf2/ARE
cytoprotection in paraquat induced dopaminergic neurotoxicity." Toxicology letters 228.3 2014;
179-191.

© 2017 British Journals ISSN 2047-3745

British Journal of Science
May 2017, Vol. 15 (2)

14

6 Suntres, ZE.; Hepworth, SR.; and Shek, PN. Protective effect of liposome-associated alphatocopherol against paraquat-induced acute lung toxicity. Biochem Pharmacol 1992; 44(9):18111818.
7 Conese, Massimo, et al. "Hematopoietic and mesenchymal stem cells for the treatment of
chronic respiratory diseases: role of plasticity and heterogeneity." The Scientific World
Journal 2014 (2014).
8 Khodayar, Mohammad Javad, et al. "The preventive effect of atorvastatin on paraquat-induced
pulmonary fibrosis in the rats." Advanced pharmaceutical bulletin 4.4 2014; 345.
9 Ortiz, L. A., Gambelli, F., McBride, C., Gaupp, D., Baddoo, M., Kaminski, N., & Phinney, D.
G. Mesenchymal stem cell engraftment in lung is enhanced in response to bleomycin exposure
and ameliorates its fibrotic effects. Proceedings of the National Academy of Sciences, 2003;
100(14) 8407-8411.
10 Aboul-Fotouh, Gihan Ibrahim, et al. "Therapeutic effect of adipose derived stem cells versus
atorvastatin on amiodarone induced lung injury in male rat." International journal of stem
cells 8.2 2015; 170-180.
11 Bancroft, JD. And Gamble, M. Connective tissue stains. In: Theory and Practice of
Histological Techniques. 6th ed. Elsevier Health Sciences, Churchill Livingstone,; London,
Oxford, New York, Philadelphia, St Louis, Sydney; 2008; p. 150.
12 Zhao, Rong, Liping Du, and Susan J. Gunst. "Contractile and mechanical stimuli regulate
cofilin phosphorylation (Cofilin-P) in tracheal smooth muscle (TSM) tissues." The FASEB
Journal 20.5 2006; A1241-A1241.
13 Li, Y., Gu, C., Xu, W., Yan, J., Xia, Y., Ma, Y., ... & Tao, H. Therapeutic effects of amniotic
fluid-derived mesenchymal stromal cells on lung injury in rats with emphysema. Respiratory
research, 2014;15(1), 120.
14 Ayache J, Beaunier L, Boumendil J, Ehret G, Laub D. Sample preparation handbook for
transmission electron microscopy: techniques. New York USA: Springer Science & Business
Media; 2010.
15 Petrie, A., Sabin, C. Basic techniques for analysingdata. In: Sugden, M., Moore, K. (Eds.),
Medical Statistics at a Glance. , 2nd ed. Blackwell Publishing Ltd., USA, 2005; pp. 55–56.
16 Chen, C. M., & Lua, A. C. Lung toxicity of paraquat in the rat. Journal of Toxicology and
Environmental Health Part A, 2000; 60(7), 477-487.
17 Rannels, D. E., Kameji, R. E. I. K. O., Pegg, A. E., & Rannels, S. R. Spermidine uptake by
type II pneumocytes: interactions of amine uptake pathways. American Journal of PhysiologyLung Cellular and Molecular Physiology, 1989; 257(6), L346-L353.
18 Zhao. CZ.; Fang, XC.; Wang, D.; Tang, FD.; and Wang, XD. Involvement of type II
pneumocytes in the pathogenesis of chronic obstructive pulmonary disease. Respir Med;
2010;104:1391–1395.
19 Riahi, B.; Rafatpanah, H.; Mahmoudi, M.; Memar, B.; Brook, A.; Tabasi, N.; and Karimi, G.
Immunotoxicity of paraquat after subacute exposure to mice. Food Chem.Toxicol. 2010; 48,
1627–1631.
20 Galvin. JR.; Frazier, AA.; and Franks, TJ. Collaborative radiologic and histopathologic
assessment of ﬁbrotic lung disease. Radiology; 2010; 255:692–706.
21 Tomita, M.; Okuyama, T.; Katsuyama, H.; et al. Mouse model of paraquat-poisoned lungs
and its gene expression profile. Toxicology; 2007; 231: 200–209.
© 2017 British Journals ISSN 2047-3745

British Journal of Science
May 2017, Vol. 15 (2)

15

22 Hocher, B.; Schwarz, A.; Fagan, KA. et al. Pulmonary fibrosis and chronic lung inflammation
in ET-1 transgenic mice. Am J Respir Cell Mol Biol 2000; 23:19–26.
23 Grommes, J.; and Soehnlein, O. Contribution of neutrophils toacute lung injury. S; 2011;
17:293-307.
24 Soliman, G. M.; El Shafey, B. and El Serogy, H. The effect of experimentally induced
oxidative stress on rat lung and the possible protective role of pentoxifylline: A histological and
biochemical study. Egyptian Journal of Histology, 2009; 32(1): 33-45.
25 Barker. AF.; Bergeron, A.; Rom, WN.; and Hertz, MI. Obliterative bronchiolitis. N Engl J
Med; 2014; 370:1820-1828.
26 Sood, BG.; Wykes, S.; Landa, M.; De, Jesus, L.; and Rabah, R. Expression of eNOS in the
lungs of neonates with pulmonary hypertension. Exp Mol Pathol; 2011; 90:9-12.
27 Dinis-Oliveira, RJ.; Duarte, JA.; Sanchez-Navarro, A.; Remiao, F.; Bastos, ML.; and
Carvalho, F. Paraquat poisonings: mechanisms of lung toxicity, clinical features, and treatment.
Crit Rev Toxicol; 2008; 38:13-71.
28 Tsai, HL.; Chang, JW.;Yang, HW.; Chen, CW.; Yang, CC.; Yang, AH.; Liu, CS.; Chin, TW.;
Wei, CF.; and Lee, OK. Amelioration of paraquat-induced pulmonary injury by mesenchymal
stem cells. Cell Transplant; 2013; 22: 1667-1681.
29 Tokunaga, T.; Morshed, S.; Otsuki, S.; Takayama, F.; Satoh, T.; Hashimoto, K.; Yasui, T.;
Ogawa, S.; Kanegae, H.; Yokote, Y. et al. Effect of antioxidants, oxidants, metals and saliva on
cytotoxicity induction by sodium fluoride. Anticancer Res.; 2003; 23(5): 3719-3726.
30 Rumble, J.; Cooper, T.; Leonard, W.; Sherif, Y.; and Jermus, G. Vascular hypertrophy in
experimental diabetes. Role of advanced glycation end products. J. clin Invest. 1999; 99(5):
1016-1027.
31 Guillermo, p.; Pilar, M.; Jaime, R.; Teresa, B.; and Joaquin, T. Vitamin A deficiency alters
rat lung alveolar basement membrane Reversibility by retinoic acid. Journal of Nutritional
Biochemistry; 2010; 21:227-236.
32 Lanzoni, G.; Roda, G.; Belluzzi, A.; Roda, E.; and Bagnara, GP. Inflammatory bowel disease:
Moving toward a stem cell based therapy. World J Gastroenterol, 2008; 14(29): 4616-26.
33 Sohni, A. and Verfaillie, C.M. Mesenchymal stem cells migration homing and tracking. Stem
cells international, 2013; 2013.
34 Yang H; Wen Y; Hou-You y; Yu-tong w; chuan-ming l,JIan x; Lu H. Combined treatment
with bone marrow mesenchymal stem cells and methylprednisolone in paraquat-induced acute
lung injury. Bmc Emerg med 2013; 13 (suppl1):s5.
35 Zhou, Y., He, Z., Gao, Y., Zheng, R., Zhang, X., Zhao, L., & Tan, M. Induced pluripotent
stem cells inhibit bleomycin-induced pulmonary fibrosis in mice through suppressing TGFβ1/Smad-mediated epithelial to mesenchymal transition. Frontiers in Pharmacology, 2016; 7.
36 Shalaby, S. M., Amal, S., Abd-Allah, S. H., Selim, A. O., Selim, S. A., Gouda, Z. A., &
Abdelazim, S. Mesenchymal stromal cell injection protects against oxidative stress in
Escherichia coli–induced acute lung injury in mice. Cytotherapy, 2014; 16(6), 764-775.
37 Jungebluth P, Macchiarini P. Stem cell-based therapy and regenerative approaches to diseases
of the respiratory system. Br Med Bull. 2011; 2:1e19.

© 2017 British Journals ISSN 2047-3745

British Journal of Science
May 2017, Vol. 15 (2)

16

38 Ylöstalo JH, Bartosh TJ and Prockop DJ. Human mesenchymal stem/stromal cells cultured as
spheroids are self-activated to produce prostaglandin E2 that directs stimulated macrophages into
an anti-inflammatory phenotype. Stem cells 2012; 30, 2283–2296.
39 Zhang Y, Desai A and Markowitz SD. Inhibition of the prostaglandin-degrading enzyme 15PGDH potentiates tissue regeneration. Science 2015; 348, 2340.
40 Moodley, Y.; Atienza, D.; Manuelpillai, U.; Samuel, CS.; Tchongue, J.; and Ilancheran, S. et
al. Human umbilical cord mesenchymal stem cells reduce fibrosis of bleomycin-induced lung
injury. Am J Pathol; 2009; 175:303–313.
41 Kumai, Y.; Kobler, J B.;Park, H.; Galindo, M.; Herrera, V L M.; and Zeitels, S M M.
Modulation of vocal fold scar fibroblasts by adipose-derived stem/stromal cells. Laryngoscope;
2010; 120: 330-337.
42 Porada, CD.; Zanjani, ED.; and Almeida-Porad, G. Adult mesenchymal stems cells: A
pluripotent population with multiple applications. Curr Stem Cell Res Ther, 2006; 1: 365–369.
43 Kurotani, R.; Okumura, S.; Matsubara, T.; Yokoyama, U.; Buckley, JR.; Tomita, T. and et al.
Secretoglobin 3A2 suppresses bleomycin-induced pulmonary fibrosis by transforming growth
factor beta signaling down-regulation. J Biol Chem.; 2011; 286(22):19682–92.
44 Danchuk S, Ylostalo JH, Hossain F, Sorge R, Ramsey A, Bonvillain RW, et al. Human
multipotent stromal cells attenuate lipopolysaccharide-induced acute lung injury in mice via
secretion of tumor necrosis factor-alpha-induced protein 6. Stem Cell Res Ther. 2011; 2:27.
45 Rojas, M., Xu, J., Woods, C. R., Mora, A. L., Spears, W., Roman, J., & Brigham, K. L. Bone
marrow–derived mesenchymal stem cells in repair of the injured lung. American journal of
respiratory cell and molecular biology, 2005; 33(2), 145-152.
46 Berger, M. J., Adams, S. D., Tigges, B. M., Sprague, S. L., Wang, X. J., Collins, D. P., &
McKenna, D. H.. Differentiation of umbilical cord blood-derived multilineage progenitor cells
into respiratory epithelial cells. Cytotherapy, 2006; 8(5), 480-487.
47 Kawai, T., Katagiri, W., Osugi, M., Sugimura, Y., Hibi, H., & Ueda, M. Secretomes from
bone marrow–derived mesenchymal stromal cells enhance periodontal tissue
regeneration. Cytotherapy, 2015; 17(4), 369-381.
48 Feng, Z., Ting, J., Alfonso, Z., Strem, B. M., Fraser, J. K., Rutenberg, J., & Pinkernell, K.
Fresh and cryopreserved, uncultured adipose tissue-derived stem and regenerative cells
ameliorate ischemia–reperfusion-induced acute kidney injury. Nephrology Dialysis
Transplantation, 2010; 25(12), 3874-3884.
49 Leslie K, King TE, Jr & Low R Smooth muscle actin is expressed by air space fibroblast-like
cells in idiopathic pulmonary fibrosis and hypersensitivity pneumonitis. Chest 1991; 99(3
Suppl): 47S-48S.
50 Kapanci Y, Ribaux C, Chaponnier C & Gabbiani G. Cytoskeletal features of alveolar
myofibroblasts and pericytes in normal human and rat lung. J Histochem Cytochem; 1992;
40(12): 1955–1963.
51 Herrera, M., Islam, A. B., Herrera, A., Martín, P., García, V., Silva, J., ... & Bonilla, F. ().
Functional heterogeneity of cancer-associated fibroblasts from human colon tumors shows
specific prognostic gene expression signature. Clinical cancer research; 2013; 19(21), 59145926.

© 2017 British Journals ISSN 2047-3745

British Journal of Science
May 2017, Vol. 15 (2)

17

52 Andersson-Sjöland, A.; De Alba, CG.; Nihlberg, K.; Becerril, C.; Ramírez, R.; Pardo, A.; et
al. Fibrocytes are a potential source of lung fibroblasts in idiopathic pulmonary fibrosis. Int J
Biochem Cell Biol 2008; 40:2129–2140.
53 Hinz B, Phan SH, Thannickal VJ, Prunotto M, Desmouliere A, Varga J, De Wever O,Mareel
M & Gabbiani G. Recent developments in myofibroblast biology:paradigms for connective
tissue remodeling. Am J Pathol 2012; 180(4): 1340–1355.
54 Steele MP & Schwartz DA. Molecular mechanisms in progressive idiopathic pulmonary
fibrosis. Annu Rev Med; 2013; 64: 265–276.
55 Booth AJ, Hadley R, Cornett AM, Dreffs AA, Matthes SA, Tsui JL, Weiss K, Horowitz
JC,Fiore VF, Barker TH, Moore BB, Martinez FJ, Niklason LE & White ES. Acellular normal
and fibrotic human lung matrices as a culture system for in vitroinvestigation. Am J Respir Crit
Care Med 2012; 186(9): 866–876.
56 Kulkarni, AA.; Thatcher, TH.; Hsiao, HM.; Olsen, KC.; Kottmann, RM.; Morrissette, J,;
Wright, TW.; Phipps, RP.; and Sime, PJ. The triterpenoid CDDO-Me inhibits bleomycininduced lung inflammation and fibrosis. PLoS One; 2013; 8:e63798.
57 Kendall, RT.; and Feghali‑Bostwick, CA. Fibroblasts in fibrosis: novel roles and mediators.
Front Pharmacol 2014; 5: 123.
58 Brigham, CW.; Janice, ML.; Katherine, LP.; and Andrew, GN. Induction of epithelial
mesenchymal transition in alveolar epithelial cells of transforming growth factor beta 1, Am. J of
Path; 2005; 166:1321-1332.
59 Li, Y., Sun, Y., Liu, F., Sun, L., Li, J., Duan, S., & Xi, Y. Norcantharidin inhibits renal
interstitial fibrosis by blocking the tubular epithelial-mesenchymal transition. PloS one, 2013;
8(6), e66356.
60 Hawgood, S., Derrick, M., & Poulain, F. Structure and properties of surfactant protein
B. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease, 1998; 1408(2), 150-160.
61 Wert, S. E., Whitsett, J. A., & Nogee, L. M. Genetic disorders of surfactant
dysfunction. Pediatric and Developmental Pathology, 2009; 12(4), 253-274.
62 So, K.L., de Buijzer, E., Gommers, D., Kaisers, U., van Genderen, P.J., and Lachmann, B.
Surfactant therapy restores gas exchange in lung injury due to paraquat intoxication in rats. Eur.
Respir. J. 1998; 12: 284–287.
63 Haddad IY, Ischiropoulos H, Holm BA, Beckman JS, and Matalon S. Mechanisms of
peroxynitrite-induced injury to pulmonary surfactants. Am J Physiol Lung Cell Mol Physiol
1993; 265: L555–L564.
64 Miller, R.L.; Sun, G.Y.; and Sun, A.Y. Cytotoxicity of paraquat in microglial
cells:Involvement of PKCdelta- and ERK1/2-dependent NADPH oxidase. Brain Res. 2007;
1167, 129–139.
65 Cristóvão, A. C., Choi, D. H., Baltazar, G., Beal, M. F., & Kim, Y. S. The role of NADPH
oxidase 1–derived reactive oxygen species in paraquat-mediated dopaminergic cell
death. Antioxidants & redox signaling, 2009; 11(9), 2105-2118.
66 Zhenning, L.; Wang, Y.; Zhao, H.; Zheng, Q.; Xiao, L.; and Zhao, M. CB2 receptor
activation ameliorates the pro inflammatory activity in acute lung injuryinduced by Paraquat.
BioMed Research International; 2014; 2014:971750.
67 Roux, J., Kawakatsu, H., Gartland, B., Pespeni, M., Sheppard, D., Matthay, M. A., & Pittet, J.
F. Interleukin-1β decreases expression of the epithelial sodium channel α-subunit in alveolar
© 2017 British Journals ISSN 2047-3745

British Journal of Science
May 2017, Vol. 15 (2)

18

epithelial cells via a p38 MAPK-dependent signaling pathway. Journal of Biological
Chemistry, 2005; 280(19), 18579-18589.
68 Khalil, N.; and O’Connor, R. Idiopathic pulmonary fibrosis: Current understanding of the
pathogenesis and the status of treatment. CMAJ; 2004; 171: 153-160.
69 Beers MF, Solarin KO, Guttentag SH, Rosenbloom J, Kormilli A, Gonzales LW, and Ballard
PL. TGF-b1 inhibits surfactant component expression and epithelial cell maturation
in cultured human fetal lung. Am J Physiol Lung Cell Mol Physiol 1998; 275: L950-L960.

© 2017 British Journals ISSN 2047-3745

