International Journal of Stem Cells Vol. 8, No. 2, 2015

http://dx.doi.org/10.15283/ijsc.2015.8.2.170

ORIGINAL ARTICLE

Therapeutic Effect of Adipose Derived Stem Cells versus
Atorvastatin on Amiodarone Induced Lung Injury in Male Rat

Gihan Ibrahim Aboul-Fotouh', Maha Baligh Zickri', Hala Gabr Metwallyz,
Thab Refaat Ibrahim', Samaa Samir Kamar', Wael Sakr’

Departments of 'Histology and *Clinical Pathology, Faculty of Medicine, Cairo University, Cairo, Egypt,
'Department of Plastic Surgery, Faculty of Medicine, Beni-Suef University, Beni-Suef, Egypt

Background and Objectives: Amiodarone (AM), a class 3 antiarrhythmic drug, has been associated with variety of ad-
verse effects, the most serious of which is pulmonary toxicity. Ator (A) is a statin, known for their immunomodulatory
and anti-inflammatory activities. Recent studies provide evidence of potential therapeutic effect of statins on lung
injury. Adipose derived stem cells (ADSCs) have shown great promise in the repair of various tissues. The present
study aimed at investigating and comparing the possible therapeutic effect of A and ADSCs on AM induced lung
injury in albino rats.

Methods and Results: 34 adult male albino rats were divided into 5 groups: control group (Gp I), A group (Gp II)
received 10 mg/kg of A orally 6 days (d)/week (w) for 4 weeks (ws), AM group (Gp III) received 30 mg/kg of AM
orally 6 d/w for 4 ws, AM&A group (Gp IV) received AM for 4ws then A for other 4 ws and AM&SCs group (Gp
V) received AM for 4 ws then injected with 0.5 ml ADSCs on 2 successive days intravenously (IV). Histological, histo-
chemical, immunohistochemical and morphometric studies were performed. Group III displayed bronchiolitis ob-
literans, thickened interalveolar septa (IAS) and thickened vascular wall which were proven morphometrically. In-
creased area% of collagen fibers and apoptotic changes were recorded. All findings regressed on A administration and
ADSCs therapy.

Conclusion: Ator proved a definite ameliorating effect on the degenerative, inflammatory, apoptotic and fibrotic changes
induced by AM. ADSCs administration denoted more remarkable therapeutic effect compared to A.
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Introduction

Interstitial lung diseases (ILDs) are heterogeneous dis-
eases that affect the lung parenchyma in a diffuse and
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multicompartmental manner, being characterized by dif-
ferent combinations of inflammation and fibrosis. It could
be idiopathic or related to known causes. Drug induced
ILDs were documented in cases of bleomycin, methotrex-
ate and AM (1).

Amiodarone is a class 3 antiarrhythmic drug, used in
life threatening ventricular arrhythmia and atrial fibrilla-
tion. However, AM use has been associated with variety
of adverse effects, the most serious of which is pulmonary
toxicity (2). Interstitial pneumonitis can progress to poten-
tially life-threatening pulmonary fibrosis and even death (3).

Statins, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase inhibitors, known for their broad pharma-
cological activities including immunemodulatory and anti-
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inflammatory. Clinically, they are used for the treatment
of dyslipidemia and the prevention of cardiovascular dis-
ease (4). Recent studies provide evidence of potential ther-
apeutic effect of statins on paraquet induced Iung fibrosis (5).
Adipose tissue represents an abundant and accessible
source of adult stem cells with the ability to differentiate
along multiple lineage pathways. ADSCs have shown great
promise in the repair of various tissues including muscu-
loskeletal system (6) and central nervous system (7).
The present study aimed at investigating and compar-
ing the possible therapeutic effect of atorvastatin, its possi-
ble activation of endogenous stem cells and injected hu-
man ADSCs on AM induced lung injury in albino rat.

Materials and Methods

Drugs

Amiodarone (Cordarone): (Sanofi Corporation, Istanbul,
Turkey) used as ampoules 150 mg/ 3 ml dissolved in tween
80, given at a dose of (30 mg/kg) once daily by an intra-
gastric tube.

Atorvastatin (Ator): (E.LP.LCo., 10" of Ramadan, Egypt)
in the form of 10 mg tablets. They were crushed and the
required dose (10 mg/kg) was weighed using a digital
scale. The required dose was dissolved in 0.5 ml saline and
given to rats once daily by an intra-gastric tube.

Animals

Thirty four adult male albino rats weighing (150~200
gm) were divided into 5 groups. The animals were bred
in the Animal House of Physiology Department, Faculty
of Medicine, Cairo University. Each group was kept in a
separate wire cage at room temperature, fed ad libitum
and allowed for free water supply. All procedures were
held under ethical guidelines of animal care of Cairo
University.

Group | (Control group)

Eight rats were divided into

- 2 rats, each given 0.5 ml saline (solvent of A) and other
2 rats, each given 0.5 ml tween 80 (solvent of AM) daily
orally using an intragastric tube 6 d/w for 4 ws. The rats
were left for other 4 ws without administration.

- 2 rats, each given 0.5 ml tween 80 for 4 ws, then 0.5
ml saline for other 4 ws.

- 2 rats, each given 0.5 ml tween 80 for 4 ws, then 0.5
ml phosphate buffer saline (PBS) (suspension of ADSCs)
for 2 successive days by IV injection in the tail vein. Then,
they were left for other 4 ws without PBS administration.

Group Il (A group): Six rats, each received 10 mg/kg
A dissolved in 0.5 ml of saline (8), orally 6 d/w for 4 ws.

The rats were sacrificed 4 ws following the drug cessation.

Group Il (AM group): Eight rats, each received AM at
a dose of 30 mg/kg (9) orally 6 d/ w for 4 ws. 2 rats were
sacrificed at the end of 4 weeks for the confirmation of
lung damage by examination. Using H&E and Masson’s
staining, lung injury was found without an obvious in-
crease in collagen content. The other 6 rats were left for
4 ws without AM administration or therapy. At the end
of the 8 ws the rats were sacrificed.

Group IV (AM & A group): Six rats were given AM in
the same dose, by the same route and for the same dura-
tion as in group III. Then the animals were given A in
the same dose, by the same route and for the same dura-
tion as in group II. At the end of the 8 ws the rats were
sacrificed.

Group V (AM & SCs group): Six rats were given AM
in the same dose, by the same route and for the same du-
ration as in group III. Then they were injected with 0.5
ml of cultured and labeled ADSCs suspended in PBS on
2 successive days in the tail vein following confirmation
of lung injury (7). Stem cells were isolated from abdomi-
nal fat obtained by liposuction (10) which was performed
at the General Surgery Operation Theatre, Faculty of
Medicine, Beni-Suef University. Stem cell isolation, cul-
ture, labeling and phenotyping were performed at the
Clinical Pathology Department, Faculty of Medicine,
Cairo University. The rats were sacrificed 4 ws following
stem cell therapy (SCT).

Adipose Tissue Collection (11)

The harvested adipose tissue was washed with ice-cold
Hank’s balanced salt solution (HBSS; Invitrogen, Carlsbad,
CA, USA) and dissociated mechanically by scissors. The
tissue was then digested with collagenase type II (Gibco,
Gaithersburg, MD, USA) at 37°C for 40 minutes (min)
and dissociated carefully with pipettes. After filtering with
a 70 mm cell strainer (BD Biosciences, San Jose, CA,
USA), the suspension was centrifuged to separate the stro-
mal vascular fraction from the floating adipocytes.

ADSCs Isolation and Culture (11)

The precipitate was resuspended and plated onto a cell
culture dish (Corning, NY, USA) at a density of 105
cells/ml in fresh Dulbecco’s modified Eagle’s medium
(DMEM)/F-12 (Invitrogen) supplemented with 1% pen-
icillin/streptomycin (Sigma-Aldrich, St. Louis, MO, USA)
and 10% fetal bovine serum (FBS) (Hyclone, Logan, UT,
USA). Cell cultures were maintained in a standard hu-
midified incubator, saturated by 5% CO2, at 37°C. Twenty-
four hours later, the nonadherent cells were eliminated by
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changing the culture medium. The adherent cells were ex-
panded by serial passages, and ADSCs from 3 to 5 pas-
sages were used.

Subculture (12)

Hereafter the media were completely replaced after 3
days until putative MSC colonies were noted. The cultures
were inspected daily for formation of adherent spindle-
shaped fibroblastoid cell colonies. Subculturing was done
by chemical detachment using 0.04% trypsin or by me-
chanically picking fibroblastoid colonies. Later, when cell
numbers allowed, expansion was done in 25 square centi-
meter (cm?) or 75 cm’ tissue culture flasks. Cells were
seeded at densities of 3000~25000 cells/cm’.

Flow cytometry (13)

Flow cytometric analyses were performed on a Fluores-
cence Activated Cell Sorter (FACS) flow cytometer (Coulter
Epics Elite, Miami, FL, USA). Human MSCs (HMSCs)
were trypsinized and washed twice with PBS. A total num-
ber of 1x105 HMSC were used for each run. To evaluate
the HMSC marker profile, cells were incubated in 100 «1
of PBS with 3 xI of CD44-FITC for 20 min at RT. Anti-
body (Ab) concentration was 0.1 mg ml-1. Cells were wash-
ed twice with PBS and finally diluted in 200 1 of PBS.
The expression of surface marker was assessed by the
mean fluorescence. CD44 (mesenchymal stem cell mark-
er), CD133 (early hematopoietic & endothelial progenitor
stem cell marker) and CD45 (panleucocytic marker) were
also used. The percentage (%) of cells positive (+ve) for
CD 44 was determined by subtracting the percentage of
cells stained non-specifically with isotype control anti-
bodies.

Labeling (14)

The stem cells were labeled by incubation with ferum-
oxides injectable solution (25 microgramFe/ml, Feridex,
Berlex Laboratories) in culture medium for 24 hours with
375 nanogram/ml polylysine added 1 hour before cell in-
cubation. Labeling was histologically assessed using
Prussian’s blue. After labeling, Feridex labeled HMSCs
were washed in PBS, trypsinized, washed and resuspended
in 0.01 Mol/L PBS at concentration of 1x1000000 cells/ml.

Cell viability analysis (15)

Cell viability was done using trypan blue dye exclusion
test. It is based on the principle that live cells possess in-
tact cell membranes that exclude certain dyes, such as try-
pan blue, whereas dead cells do not. The viable cell will
have a clear cytoplasm whereas a nonviable cell will have

a blue cytoplasm.

Histological Study: The animals were sacrificed under
intraperitoneal anesthesia with sodium pentobarbital (100
mg/kg body weight) (16) at the end of various durations
previously mentioned. Lung specimens were obtained by
performing a ventral midline incision, exposure, removal
and fixation in 10% formol saline for 48 hours. Paraffin
blocks were prepared and 5 «m thick sections were sub-
jected to hematoxylin and eosin (H&E) (17) and Masson’s
trichrome stain (18).

Histochemical Study: Prussian’s blue (Pb) stain for
demonstration of iron oxide labeled ADSCs (19).

Immunohistochemical Study: Caspase 3 Ab to detect
apoptotic cells (20) and CD44 immunostaining for detect-
ing endogenous and exogenous SCs (21) were used. Ready
to use rabbit polyclonal caspase 3 (CPP32) Ab-4 IgG
(RB-1197-R7, Thermo Fisher Scientific; Fremont, USA) and
ready to use rabbit polyclonal CD44 Ab; IgG (IW-PA1021,
IHC World) were used. Application of the primary (lry)
antibodies (Abs) was followed by incubation in the humid-
ity chamber for 60 min at room temperature. Tonsil was
used as +ve control specimens for both caspase 3 and
CD44. On the other hand, one of the lung sections was
used as a negative (—ve) control by passing the step of
applying the Iry antibody.

Morphometric Study: Using Leica Qwin 500 LTD im-
age analysis (Cambridge, UK), assessment of the thickness
of IAS and that of the wall of the pulmonary vessels in-
dicated by the distance were performed in H&E stained
sections. The measurements were done in 10 low power
fields using interactive measurements menu. In addition,
the area% of collagen fibers in Masson’s trichrome stained
sections, that of caspase 3 +ve cells and that of CD44 +ve
cells were recorded in immunostained sections. The meas-
urements were done in 10 high power fields using binary
mode.

Statistical Analysis: Quantitative data were summar-
ized as means and standard deviations and compared us-
ing analysis of variance (ANOVA) followed by post-Hoc
analysis (Tukey test). p-values<0.05 were considered stat-
istically significant. Calculations were made on statistical
package of social science (SPSS) software, version 16.

Results

No deaths were observed in all rats.

Hematoxylin and Eosin stained lung sections
Lung sections of control rats (Gp I) revealed normal
lung parenchyma with preserved architecture of bron-
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chioles, alveolar sacs, alveoli, IAS, pulmonary venules and
arterioles (Fig. 1A). The bronchioles were lined by colum-
nar cells and domed shaped Clara cells (Fig. 1B). Alveoli
and alveolar sacs were lined mainly by type I pneu-
mocytes. Type II pneumocytes displayed rounded nuclei
and foamy cytoplasm. The IAS exhibited pulmonary capil-
laries (Fig. 1C).

Amiodarone group (Gp III) exhibted patchy dis-
tribution of variable changes affecting lung parenchyma
and distortion of occasional bronchioles and marked
thickening of IAS (Fig. 1D). Obvious thickening of the
wall of vessels and mononuclear aggregates were also de-
tected (Fig. 1E). Close observation showed some bron-
chioles displaying partially obliterated lumens, shed cel-
lular debris, stratification of the bronchiolar lining epi-
thelium, some cells constituting dark nuclei and congested
vessels (Fig. 1F). Some fields recruited thickened IAS with
multiple fibroblasts surrounded by collagen deposition
and lymphocytic infiltration (Fig. 1G). Multiple pneumo-
cytes type II and few type I were noted in the lining of
alveoli (Fig. 1H).

Rat lung sections of AM& A group (Gp IV) revealed
thickening of some IAS, fewer shed cells (Fig. 2A) and fo-
cal stratification of the bronchiolar lining epithelium with
when compared to Gp III (Fig. 2B). Numerous type I
pneumocytes and fewer type II pneumocytes were detected

(Fig. 20).

In ADSCs therapy group (Gp V), multiple fields were
comparable to Gp I displaying patent bronchioles, alveoli
and alveolar sacs. Few fields demonstrated some thickened
IAS and few shed epithelial cells in the lumen of occa-
sional bronchioles. Congestion of blood vessels was evi-
dent (Fig. 2D). Close observation displayed few round in-
filtrating cells in the thickened IAS, partial thickening of
the wall of blood vessels and multiple spindle cells in the
lumen of occasional vessels (Fig. 2E). More numerous type
I pneumocytes and fewer type II pneumocytes were found
by closer observation (Fig. 2F).

Masson’s trichrome stained lung sections

Fine collagen fibers were found in the IAS, the adven-
titia of bronchioles and that of venules of control rats (Fig.
3A). While in Gp III, different fields of lung sections
showed increased dense collagen fibers in obviously thick-
ened IAS, around bronchioles and around congested blood
vessels (Fig. 3B). Group IV and Gp V revealed minimal
collagen fibers in the IAS, the adventitia of bronchioles
and that of vessels (Fig. 3C and D).

Ator group (Gp II) lung sections stained histologically
by H&E and Masson’s trichrome stains revealed picture
similar to that of Gp L

Fig. 1. Lung sections of control rats (H&E) showing (A): a bronchiole (B), a venule (V), an arteriole (ar), alveoli (a), alveolar sacs (A) and
IAS (I) (x100), (B): a blood vessel (V) and a bronchiole (B) lined by columnar cells and Clara cells (") (x400) (O): alveoli (a) lined
mainly by type | pneumocytes (-8-). Note few type Il pneumocytes (») and pulmonary capillaries (c) (x1000). Lung sections in Gp
Il (H&E) showing (D): obvious thickening of multiple IAS (»=), a distorted bronchiole (») and partial thickening of the wall of a venule
(—») (x100), (B): two peribronchial mononuclear aggregates, (MA1) and (MA2). Note obvious thickening of the wall of a vessel (—p)
(x100) (F): stratification of the lining epithelium (—p), shed cellular debris (%) in the lumen of a bronchiole, a congested vessel (c). Note
the lining cells with dark nuclei (") (x400). (G): thickened IAS harboring multiple fibroblasts (F) surrounded by collagen deposition (¥).
Note multiple infiltrating cells (») (H): multiple type Il pneumocytes (») and few type | pneumocytes (=8). Note shed cells (*) (x 1000).
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Fig. 2. Rat lung sections in Gp IV (H&E) showing (A): 2 bronchioles with few shed epithelial cells (*) in their lumens and thickening
of some IAS (»=») (x100), (B): focal stratification of the bronchiolar lining epithelium (—») and few shed cells (*) (x400) (C): numerous
type | pneumocytes (=) and fewer type Il pneumocytes () (x1000). In Gp V showing (D): a bronchiole with few shed epithelial
cells in the lumen (*) and few thickened IAS (m=). Note a congested vessel (c) (x100), (E): multiple spindle cells (S) in the lumen of
a vessel. Note partial thickening (—p) of its wall and few round infiltrating cells in the IAS (Yw) (x400) and (F): numerous type | pneumo-
cytes (=) and fewer type Il pneumocytes () (x 1000).

Fig. 3. (A): Lung sections in Gp | showing fine collagen fibers in the IAS (—), in the adventitia of a bronchiole (») and that of a venule
("). (B): In Gp Il showing dense collagen fibers deposition in thickened IAS (—), around bronchioles (») and around congested blood
vessels (). (O): In Gp IV showing minimal collagen fibers in the IAS (—p), the adventitia of a bronchiole (») and that of a vessel
("a). (D): In Gp V showing minimal collagen fibers in the IAS (—), the adventitia of a bronchiole (»-) and that of a vessel (“w). (Masson'’s

trichrome, x200).

Prussian’s blue stained lung section:

Rat lung sections in Gp I revealed -ve staining with Pb
in the bronchioles, alveoli and IAS (Fig. 4A). Group V
showed multiple Pb +ve cells inside and surrounding
congested blood vessels (Fig. 4B) and in thickened IAS
(Fig. 4C).

Caspase 3
Almost —ve immunoreaction for caspase 3 was observed

in Gp I with few immunostained +ve cells found in the
epithelial lining of alveoli and occasional bronchioles (Fig.
SA). Lung sections of Gp III revealed multiple +ve cells
in the epithelial lining of alveoli, alveolar sacs and in
thickened IAS (Fig. 5B). While in Gp IV some fields dis-
played few +ve cells in the lining epithelium of few alveo-
li, few IAS and occasional alveolar sacs (Fig. 5C). In Gp
V, few fields with occasional +ve cells in the epithelial
lining of occasional alveoli and in the epithelial lining and



Gihan Ibrahim Aboul-Fotouh, et al: Therapeutic Effect of ADSCs versus Ator on AM Induced Lung Injury in Male Rat 175

Fig. 4. (A): In Gp | showing -ve staining with Pb in a bronchiole (B), alveoli and IAS. In Gp V showing (B): multiple Pb +ve cells surrounding

(») and inside (—p) a congested blood vessel (c), (O): multiple Pb +ve cells (—

) in thickened IAS (Pb, x400).
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Fig. 5. Caspase 3 immunostaining (x400) lung sections (A): in Gp | showing an immunostained +ve cell among the epithelial lining
of an alveolus (—) and another +ve cell in the lining of a bronchiole (») (B): In Gp Ill showing multiple +ve cells in the epithelial
lining of alveoli, alveolar sacs (—p) and in thickened IAS (“w) (Q): In GP IV showing few +ve cells in the lining epithelium (—p) of
2 alveoli, alveolar sac and in 2 IAS (). (D): In GP V showing few +ve cells in the lining epithelium () and adventitia (*) of a bronchiole.
Note a +ve cell in the lining epithelium of an alveolus (—p). CD44 immunostaining (x400) lung sections (E): in Gp | showing —ve
CD44 immunostaining among the epithelium lining a bronchiole, alveoli and alveolar sacs. (F): In Gp lll showing few CD44 +ve spindle
cells in obviously thickened IAS (Y1) (G): In Gp IV showing multiple +ve spindle cells in thickened IAS (). (H): In Gp V showing

multiple +ve cuboidal cells (C) and +ve spindle cells (S) among the epithelial lining of alveoli and alveolar sacs.

adventitia of occasional bronchioles were demonstrated
(Fig. SD).

CD 44

Negative CD44 immunostaining among bronchioles, al-
veoli and alveolar sacs was observed in control rats (Fig.
SE). Group III recruited few CD44 +ve spindle cells in
obviously thickened IAS (Fig. 5F). Group IV revealed
some fields with multiple +ve spindle cells in few thick-
ened IAS (Fig. 5G). Group V showed multiple +ve cuboi-
dal and spindle cells among the epithelial lining of alveoli
and alveolar sacs (Fig. SH).

Ator group lung sections stained immunohistochemi-

cally by caspase 3 and CD44 revealed picture similar to
that of Gp L

Morphometric results (Table 1 and Fig. 6)

Discussion

The present study investigated and compared the possi-
ble therapeutic effect of atorvastatin and ADSCs on AM
induced lung injury in albino rat. Definite amelioration
of the AM induced changes in response to A and ADSCs
therapy was evidenced by histological, histochemical, im-
munohistochemical and morphometric results.
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Table 1. The mean values of the thickness of IAS, thickness of blood vessels wall, the area % of collagen fibers and area % of caspase 3
and CD44 +ve cells (+SD)

Groups Mean Thickness Mean Thickness of Mean area % of  Mean area % of caspase 3 Mean area % of CD44
of I1AS+SD blood vessels wall+SD  collagen fibers+SD +ve cells+SD +ve cells+SD
Gp | 3.20 (+0.74) 11.67 (+£0.52) 5.19 (+£0.92) 3.52 (+0.47) -
Gp Il 3.94 (+0.56) 11.64 (£1.33) 5.08 (+0.94) 3.51 (£0.42) -
Gp Il 19.24 (+4.97)* 61.69 (+14.13)* 38.36 (+6.14)" 17.37 (+1.53)" 2.89 (+0.27)
Gp IV 8.85 (+2.05)° 21.62 (+3.04)° 8.36 (+2.02) 5.85 (+0.61)" 5.28 (i0.74)‘:I
Gp V 3.96 (+1.1) 10.44 (+£3.72) 5.21 (+£1.24) 3.84 (+0.34) 7.11 (10.56)9
*Significant increase compared to Gp |, I, IV and V.
“Significant increase compared to Gp |, Il and V.
*Significant increase compared to Gp 1, II, IV and V.
“Significant increase compared to Gp 1, II, IV and V.
“ignificant increase compared to Gp I, Il and V.

QSigniﬁcant increase compared to Gp Il and Gp IV.
DSigniﬁcant increase compared to Gp lll.
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Fig. 6. Histogram comparing (A): the mean values of thickness of IAS in the control and experimental groups, (B): the mean values of
thickness of wall of blood vessels in the control and experimental groups, (C): the mean values of area % of collagen fibers in the control
and experimental groups, (D): the mean values of area % of caspase 3 +ve cells in the control and experimental groups, (E): the mean
values of area % of CD44 +ve cells in the control and experimental groups.

Amiodarone administration resulted in almost complete casionally caused complete distortion of the bronchioles.
loss of normal lung architecture with partial obliteration Stratification and projections of lining epithelium of some
of the lumen of bronchioles by shed epithelial cells or oc- bronchioles were evident with some cells constituting dark
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nuclei. Barker et al. (22) referred the occurrence of ob-
literative bronchiolitis to the injury of bronchiolar epi-
thelium and inflammation of subepithelial structures
causing excessive fibroproliferation, which is due to im-
proper tissue repair and ineffective epithelial regeneration.

Mononuclear aggregates were detected in the wall of
bronchi disrupting. Grommes and Soehnlein (23) postu-
lated that the influx of inflammatory cells into the inter-
stitium and the bronchoalveolar space is considered an
important role in the progression of lung injury. They are
recruited from the circulation when local defenses are
overwhelmed.

Marked increase in the thickening of IAS was con-
firmed by morphometric assessment of the mean thickness
of IAS. Mononuclear infiltrating cells, multiple fibrobasts
and extensive increase in collagen deposition were evident
in the thickened IAS. The increased mean area% of colla-
gen deposition in the lung interstitium was significant.
Shroff et al. (24) displayed that oxidative stress contrib-
utes in the fibrogenesis by inducing genetic overexpres-
sion of fibrogenic cytokines such as transforming growth
factor beta (TGF-beta), connective tissue growth factor
(CTGF/CCN2), and platelet-derived growth factor (PDGF).
These agents stimulate the differentiation of fibroblasts
from mesenchymal, epithelial and endothelial cells with
increased synthesis and deposition of collagen. Valcheva-
Kuzmanova et al. (25) explained that the damaged blood-
alveolar barrier and increased permeability of pulmonary
epithelium and endothelium cause extravasation of plas-
ma proteins. The latter changes can be related to the accu-
mulation of the tissue exudates found in the present study.

Obvious thickening of the vascular wall was confirmed
by a significant increase in the mean thickness of the wall
of the blood vessels. In addition, congestion were noted.
This can be referred to the development of pulmonary
hypertension. Lee et al. (26) stated that vascular remodel-
ing, developing after injury, is characterized by endothe-
lial cell activation, inflammatory cell infiltration, prolife-
ration of smooth muscle cells and augmented deposition
of collagen in the vessel wall. The change in the collagen/
elastin ratio affects the mechanics of the blood vessels and
increases arterial stiffness.

Multiple pneumocytes type II and few type I were noted
in the lining of the alveoli. Using Tc-99m scintigraphy,
Gumuser et al. (27) found that the major area of damage
caused by AM is alveolar pneumocyte type I and pulmo-
nary capillary endothelial cells. Pneumocyte type I dam-
age is followed by pneumocyte type II hyperplasia and
dysplasia.

Multiple caspase 3 +ve cells were detected in the epi-

thelial lining of bronchioles, alveoli, alveolar sacs and in
thickened IAS of Gp III. The area % of caspase 3 +ve
cells in Gp III was significantly increased. Selman et al.
(28) displayed that studies on human showed high rates
of apoptosis and increased levels of pro-apoptotic markers
in alveolar epithelial cells. However, adjacent fibroblasts/
myofibroblasts expressed antiapoptotic proteins and are
relatively resistant to apoptosis.

As regards rats treated with A, lung sections revealed
fewer shed cells in the lumen of bronchioles and strat-
ification of the bronchiolar lining epithelium. Thickening
of some IAS was detected. More numerous type I pneumo-
cytes and fewer type II pneumocytes were detected when
compared to Gp III. This can be explained by the pleio-
tropic effects of statins including anti-inflammatory and
anti oxidant effects besides their main cholesterol lowering
effect.

Statins act as antiinflammatory substance via activating
the expression of peroxisome proliferator activated receptor
(PPAR) proteins, which mediate antiinflammatory effects
(29). Khodayar et al. (30) approved the anti-inflammatory
and antioxidant effect of statins by decreasing malondia-
ldehyde levels (marker of lipid peroxidation).

Significant decrease in the mean thickness of the vas-
cular wall was found compared to GP III. Zhang et al.
(31) stated that A reversed pulmonary hypertension and
vascular remodeling. It decreased the proliferation of
smooth muscle cells of blood vessels and the vascular wall
thickness and improved the vascular endothelial functions.

Minimal collagen fibers were detected in the IAS, the
adventitia of bronchioles and that of the blood vessels in
the rat lung sections treated with A. The mean area %
of collagen fibers was significantly decreased when com-
pared to AM treated group. This demonstrates the anti-
fibrotic role of ator which was in agreement with Zhu et
al. (8), who investigated the antifibrotic potential of ator
against lung fibrosis. They found that ator suppressed the
production of inducible nitric oxide synthase (iNOS) ex-
pressed in pulmonary fibrosis of both animal models and
humans. Malekinejad et al. (5) attributed the anti-inflam-
matory and antifibrotic effects of ator to the regulation of
transforming growth factor (TGF)- 81 expression, which
plays a key role in fibrosis of the various organs including
pulmonary fibrosis.

Caspase 3 immunostaining of Gp IV revealed some
fields exhibiting few immunostained +ve cells in the lin-
ing epithelium of few alveoli and few IAS. Comparing the
mean values of % of caspase 3 +ve cells in A treated
group to AM group, it was significantly decreased. Chen
et al. (32) reported decreased apoptotic rate in A treated
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rats evidenced by flow cytometry analysis. Western blot
additionally displayed that atorvastatin induced up regu-
lation of anti-apoptosis protein Bcl-2.

In SCT group (Gp V), multiple fields were comparable
to Gp I displaying patent alveoli, alveolar sacs and bron-
chioles. Few fields demonstrated few shed cells in the lu-
men of occasional bronchioles, some thickened IAS with
few round infiltrating cells and partial thickening of the
wall of blood vessels. Adult SCs have been widely applied
as treatment to many diseases. The ease of harvest, ex-
pansion and potency of ASCs make them attractive candi-
dates for cell therapy. In addition they display remarkable
pleiotropic properties, including anti-inflammation, anti-
fibrosis, anti-apoptosis, angiogenesis and growth factor
production. Ghasemi (33) proved the neuroprotection role
of human ADSCs by immunomodulation and reducing
the inflammatory responses.

Multiple spindle cells in the lumen of blood vessels and
congestion were noted. Increased vascularity and conges-
tion with SCT are very essential factors in the equation
of regeneration. Abd El Azeem et al. (34) proved that the
congestion and new vessels formation induced by SCT is
associated with better tissue healing. More numerous type
I pneumocytes and fewer type II pneumocytes were found
compared to Gp III and Gp IV. This could be explained
by the effectiveness of regeneration by SCT. Linero and
Chaparro (35), demonstrated that, the secretion of bioactive
factors and cytokines has an important role in MSC medi-
ated paracrine activity and stimulate tissue regeneration.

The collagen fibers in Gp V were minimally detected
in the IAS, the adventitia of bronchioles and that of ves-
sels compared to Gp III and Gp IV. It was confirmed by
the assessed area% of collagen fibers which was com-
parable to the Gp I and proved the benefit of ASCs in
the prevention of fibrosis. Castiglione et al. (36) stated
that, the early application of ASCs prevents the formation
of fibrosis and elastosis.

Few fields displayed occasional caspase 3 +ve cells in
the epithelial lining of occasional alveoli, in the epithelial
lining and adventitia of occasional bronchioles with sig-
nificant decrease in the area % of caspase 3 +ve cells.
Wang et al. (37) suggested that human ADSCs display anti-
inflammatory and antiapoptotic effects by primarily para-
crine actions and releasing protective factors. Besides, they
replace the damaged cells by differentiated stem cells.

Multiple Prussian’s blue +ve cells were detected inside
and surrounding congested blood vessels besides in thick-
ened IAS. Albersen et al. (38) postulated that following
systemic administration of human ADSCs, they settled in
the injured tissues of experimental rats. This cell recruit-

ment is essential for establishing beneficial effects of cell
therapy, including enhanced functional and structural
outcomes.

In Gp III, few CD44 +ve spindle cells were seen in ob-
viously thickened IAS while in Gp IV some fields with
multiple spindle cells in few thickened IAS were noted.
In Gp V, multiple +ve cuboidal and spindle cells were
observed among the epithelial lining of alveoli and alveo-
lar sacs. The expression of CD44 surface marker, a cell
adhesion molecule that acts as a receptor for hyaluronic
acid, is characteristic of MSCs (39).

The increased area % of CD44 +ve cells in Gp V was
significant when compared with Gp III and Gp IV.
Studies in animal models have demonstrated the ability
of transplanted MSCs to engraft and regenerate injured
tissues, in addition to increasing mobilization of the en-
dogenous stem cells (40).

Conclusion

The present study indicated definite degenerative and
inflammatory changes affecting the bronchioles, the bron-
chi and the lining epithelium of alveoli and alveolar sacs
induced by AM administration. Confirmed apoptotic changes
were also evident. In addition, increased dense collagen
deposition was detected besides thickening of the pulmo-
nary vessels denoting possibility of pulmonary hyperten-
sion. On the other hand, A proved a definite ameliorating
effect on the degenerative, inflammatory, apoptotic and fi-
brotic changes induced by AM. ADSCs administration de-
noted a remarkable therapeutic effect compared to A.
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