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ABSTRACT
Background: Pulmonary fibrosis is a serious fatal form of interstitial lung diseases and unfortunately no
effective therapy exists. Hematopoietic Stem Cells (HSCs) have been used for hematological reconstitution
for many years. Recently, however, homing and engraftment of HSCs in damaged non-hematopoietic
organs have been observed and were suggested to contribute to the wound healing process.
Aim of the work: To test whether the chemokine Granulocyte Colony Stimulating Factor (G-CSF) could
promote lung repair and recovery after fibrosis in adult male rats.
Materials and Methods: A total of eighty adult male rats were divided randomly into four groups:
Group (I): Control group. Group (II): Carbon tertrachloride-treated group where the animals were injected
with carbon tertrachloride (CCL4) intaperitoneally at a dose of 0.6 mg /Kg B.W daily for 14 consecutive
days and then were subdivided into two subgroups: Group (a) in which the animals were sacrificed 24
hours after the last administration and Group (b) in which the animals were sacrificed 14 days after the last
administration. Group (III): G-CSF+carbon tertrachloride-treated group where the animals were injected
with carbon tertrachloride (CCL4) intaperitoneally at a dose of 0.6 mg /Kg B.W daily for 14 consecutive
days and then G-CSF (Neupogen) in a dose of (100 pg/kg/day) subcutaneously for 5 consecutive days
and the animals were sacrificed 14 days after the last administration. Group (IV): G-CSF-treated group
where the animals were injected with G-CSF (Neupogen) in a dose of (100 pg/kg/day) subcutaneously
for 5 consecutive days and the animals were sacrificed 14 days after the last administration. The lungs were
prepared and processed for light and electron microscopic examination.
Results: It has been found that rats treated with carbon tetrachloride showed extensive congestion and
rupture of most of the blood capillaries, marked thickening of the interalveolar septa, marked narrowing,
distortion and occlusion in most of the air spaces. A large number of inflammatory cells in the pulmonary
tissue and marked increase in the amount of collagen fibers were also observed . The results obtained
from the group of rats treated with both G-CSF+carbon tertrachloride revealed marked reduction in the
above mentioned pathological changes in the lungs.
Conclusion: Although the exact mechanisms are not wholly understood, there is evidence that bone
marrow-derived stem cells are able to contribute to promote healing of lung fibrosis.
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INTRODUCTION

Respiratory diseases remain one of the main
causes of morbidity and mortality in the world
(Loebinger & Janes, 2007). Pulmonary fibro-
sis is a serious restrictive and severe progres-
sive lung disorder (Taylor et al., 2003) that
may occur idiopathically or as a complication
of many diseases and unfortunately has a poor

prognosis (Zhang et al., 2007). Mehrnaz et al.
(2007) demonstrated that pulmonary fibrosis is
a chronic, progressive and often fatal form of
interstitial lung disease that is characterized by
injury with loss of lung epithelial cells and ab-
normal tissue repair, resulting in destruction of
the normal functional tissue, abnormal accumu-
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lation of fibroblasts and myofibroblasts, deposi-
tion of extracellular matrix and distortion of
lung architecture which results in respiratory
failure. Furthermore, it is a devastating disease
for which no effective therapy exists (Ma-
son et al., 1999; Gross & Hunninghake, 2001).

Interest has increased to the possibility of op-
timizing the repair of the lung with manipula-
tion of stem cells. Embryonic and adult stem
cells have been suggested as possibilities. Adult
stem cells have been thought of having limited
differentiation ability and to be organ specific.
However, a series of exciting reports have sug-
gested that adult bone marrow-derived stem
cells may have more plasticity and are able to
differentiate into bronchial and alveolar epithe-
lium, vascular endothelium and interstitial cell
types, making them prime candidates for repair
(Blau et al., 2001, Loebinger & Janes, 2007).
Granulocyte colony stimulating factor (G-CSF),
a 20-kDa glycoprotein, is known to induce gran-
ulopoiesis (Clark & Kamen 1987) to produce
earlier healing by acting on the inflammatory
system (Gough et al., 1997 & Edmonds et al.,
2000) and to have immuno-regulatory proper-
ties in addition to inducing cell differentiation
(Hartung, 1999). Sehara et al. (2007) demon-
strated that administration of G-CSF is known
to mobilize hematopoitic stem cells (HSCs) from
bone marrow into peripheral blood and to stimu-
late the proliferation of neutrophil progenitors.
Moreover, Orlic et al. (2001) reported that the
peripheral blood-derived cells from HSCs have
been used in place of bone marrow cells for the
regeneration of non-hematopoitic tissue. Addi-
tionally, G-CSF has been used extensively in the
treatment for bone marrow reconstruction and
stem cell mobilization (Weaver et al., 1993).
Therefore, especially in the environment where
intense inflammation occurs, it is possible that
G-CSF affects the healing process by modulat-
ing the inflammatory reaction and collagen syn-
thesis (Sehara et al., 2007).

In this study, a rat model of lung fibrosis was
used to test whether the chemokine G-CSF
could promote lung repair and recovery af-
ter fibrosis, which would provide a basis for
the development of a non-invasive therapy for
pulmonary fibrosis.

MATERIALS AND METHODS

Healthy, adult male albino rats
weighing 200+10 g were used in this study.
They were acclimatized for one week prior to
the experiment. Rats were housed five per cage
in stainless steel cages and fully ventilated room
at room temperature. They were maintained on
a photoperiod of 12 h light/12 h dark and fed a
standard laboratory pelleted food and water ad
libitum. All experimental procedures and ani-
mal maintenance were conducted in accordance
with the accepted standards of animal care. Rats
were divided randomly into 4 groups, each in-
cluded 20 rats:

*  Group I [Control group]: The animals
received intraperitoneal injection of 1.5 ml
of sterile distilled water daily for 14 con-
secutive days and then were subdivided
into two subgroups: Group (a) in which
the animals were sacrificed 24 hours af-
ter the last administration (10 rats) and
Group (b) in which the animals were sac-
rificed 14 days after the last administration
(10 rats).

e Group II [Carbon tetrachloride-
treated group|: The animals were
injected intrapeitoneally with carbon
tetrachloride (CCL4) at a dose of 0.6
mg/Kg B.W daily for 14 consecu-
tive days (Zakareya et al., 2004) and
were subdivided into two subgroups:
Group (a) in which the animals were
sacrificed 24 hours after the last admin-
istration (10 rats) and Group (b) in which
the animals were sacrificed 14 days after
the last administration (10 rats).

e  Group III: [G-CSF+carbon tetra-
chloride-treated group]|: The animals
were injected intrapeitoneally with car-
bon tetrachloride (CCL4) at a dose of
0.6 mg/Kg B.W daily for 14 consecu-
tive days (Zakareya et al., 2004) and
then G-CSF (Neupogen) in a dose of
(100 pg/kg/day) subcutaneously for 5
consecutive days and the animals were
sacrificed 14 days after the last admin-
istration (Ortiz et al., 2003).
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e  Group (IV) [G-CSF-treated group]:
The animals were injected with G-CSF
(Neupogen) in a dose of (100 pg/kg/day)
subcutaneously for five consecutive days and
the animals were sacrificed 14 days after the
last administration (Ortiz et al. 2003).

CCl4 was obtained from ADWIC Co, Egypt,
and used as 50% solution in olive oil. G-CSF
(Neupogen) was obtained from La Roche LTD,
Basel and Swizerland.

The animals were sacrificed by decapita-
tion and carefully dissected. The lungs were
removed and carefully examined. The right
lungs were fixed in 10% neutral buffered for-
malin solution for 24 hours, dehydrated in a
graded ethanol series and processed for paraf-
fin embedding for light microscopic study. Se-
rial sections (four um thick) were prepared and
stained with: Hematoxylin and Eosin (Hx&E)
and Masson’s trichrome staining for studying
and comparing the different components of the
alveolar septa of the lung. The left lungs were
processed for electron microscopic examina-
tion. The lungs were carefully dissected and
divided into small pieces that were fixed in
buffered 2.5% glutaraldehyde for two hours
(two changes) and post fixed in 1% osmic te-
troxide for electron microscopic studies. De-
hydration was performed in ascending grades
of alcohol and embedded in epoxy resin. One
micrometer thick sections were cut, stained
with toluidine blue and examined with light
microscope. Ultrathin sections were cut using
MT 600-XL RMC ultratome and stained with
uranyl acetate, lead citrate, examined with a
Joel 1200 EX 11 Transmission Electron Mi-
croscope, at the Faculty of Science, Ain Shams
University and photographed under different
magnification.

Morphometric Study:

By the aid of the Leica Q 500 image system
[LICA Microsystem Corporation, England] the
degree of morphological involvement in lung
fibrosis was determined using light microscope.
The following parameters were chosen as
indicative of pathological damage to the lung:
Thickness of the alveolar septum, number
and degree of alveolar septal cellularity. Each
parameter was determined in five different rats in
three sections from each animal.
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Statistical Analysis:

All data were expressed as mean+SE and
compared by one-way analysis of variance
(ANOVA). The interaction in all groups was
analyzed using SNK-g in SPSS 12.0. Differ-
ences in values were considered significant
if P <0.05.

RESULTS

*  Group I [control group] (a&b):

Light microscopic examination of the lung
tissues revealed normal lung architecture. The
lungs showed a gland-like structure containing
bronchioles and alveolar spaces. The bronchi-
oles were lined with simple columnar ciliated
cells and were supported by connective tissue
and the alveolar spaces were separated by in-
teralveolar septa. These septa appeared thin,
clear and were covered on both sides with
flattened epithelium and contained numerous
capillaries. In some sites, the basement mem-
brane of the alveoli appeared fused with that
of capillaries, while in other areas they were
separated by a space containing mononuclear
cells. Large rounded cells (alveolar phago-
cytes) were occasionally seen bulging from
the alveolar walls into the alveolar spaces
(Fig. 1). Stained semithin sections with tolu-
dine blue revealed that most of the alveolar
epithelium was covered by large, flattened
squamous cells; type 1 pneumocytes while
type II pneumocytes occupied a much smaller
proportion of the alveolar surface (Fig. 2). Type
I pneumocytes constituted about (32.17%) of
the total alveolar epithelial cells, while type
II pneumocytes constituted about (67.83%)
of the total alveolar epithelial cells (Table 1).
Masson's trichrome stained sections showed
that collagen fibers appeared as minimal
amounts of thin bundles around the walls of
the bronchioles and fewer amounts in the in-
teralveolar septa (Fig. 3).

The ultrastructure results revealed emp-
ty and clear alveolar spaces. The type II
pneumocytes appeared large with large
rounded centrally-placed nucleus show-
ing peripheral condensed chromatin. Short
apical blunt-ended microvilli with variable
size were seen projecting from their lumi-
nal border into the alveolar lumen. Small
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dense mitochondria and large number of
lamellar bodies filled with surfactant were
also detected in the cytoplasm of most cells
(Figs. 4, 5). Type I pneumocytes showed
flattened nucleus and attenuated cytoplasm
(Figs. 6, 7). Rarely, alveolar macrophages
were seen in the lumen of the alveoli. Cross
and longitudinal sections of collagen fibers
were also observed in the interalveolar septa.
Normal intact blood-air barrier formed from
cytoplasm of type I pneumocyte, cytoplasm
of endothelial cells of capillary, fused basal
lamina of pneumocyte type I and endothelial
cells of capillary was seen (Fig. 8).

e Group II [carbon tetrachloride-treated
group] (a&b):

Light microscopic examination of the lung
specimens showed marked narrowing, distortion
and occlusion of nearly all alveolar spaces
together with marked congestion and rupture of
many capillaries combined with extravasation
of red blood cells inside the alveolar spaces.
These narrow alveolar spaces showed a large
number of macrophages containing phagocytic
vacuoles together with degenerated and
detached parts of cells in some regions. Marked
increase in the thickness of the interalveolar
septa was detected. The thickened septa showed
mononuclear cellular infiltration consisting
mainly of marcophages, lymphocytes and
fibroblasts (Figs. 9-11). The mean thickness of
the interalveolar septa was 3.848+1.049 mm.
This thickness showed a statistically highly
significant increase when compared to the
control group. Hypocellularity in type I and II
pneumocytes were observed. The mean of the
total cellularity of the interalveolar septa was
64.20+£3.56. Type 1 pneumocytes constituted
29.5% of the total alveolar epithelium cells,
while type II pneumocytes constituted about
70.5% of the total alveolar epithelium cells. This
observed hypocellularity in both type I and type
IT pneumocytes were proven to be statistically
highly significant decrease when compared to
the control group (Table 1). Masson's trichrome
stained sections revealed marked increase
in the amount of collagen fibers around the
bronchioles, in the interalveolar septa and in the
pulmonary blood vessels (Fig. 12).

The ultrastructure study of the lung tissues of
the rats showed narrow alveolar spaces with ac-

cumulation of inflammatory cells inside them.
Some cellular debris, alveolar macrophage, de-
tached parts of cells and extravasated red blood
cells were also seen within the alveolar spaces
together with multiple vacuolations of the cyto-
plasm (Figs. 13, 14). Almost all type II pneu-
mocytes showed loss of microvilli, multiple
vaculations of the cytoplasm and swelling of the
lamellar bodies. Shrinkage of some cells with
loss of tight junctions between them were ob-
served in some regions. Obvious increase in the
amount of longtiudinally and circularly orient-
ed collagen fibers were also seen (Figs. 15, 16).
Type I pneumocytes showed also vaculations,
lightly stained nucleus and infiltration of gly-
cogen. Loss of tight junctions between
type I pnumocytes was evident in most re-
gions (Fig. 17). Rupture of the blood-air bar-
rier with extravasation of blood cells into the
alveolar spaces were evident (Fig. 18).

*  Group III [G-CSF+carbon tetrachlo-
ride-treated group]:

Light microscopic examination showed
a gland-like appearance composed of bron-
chioles and alveolar spaces. The bronchioles
were lined with columnar cells and were sup-
ported by connective tissue and the alveolar
spaces were separated by interalveolar sep-
ta. These septa were covered on both sides
with flattened epithelium with many capil-
laries. Mean thickness of the interalveolar
septum was 0.441+£0.075mm that showed
a highly statistically significant decrease
when compared to the carbon-tetrachloride
treated group (Table 1). Stained semithin
sections with toludine blue revealed that
most of the alveolar epithelium was covered
by large, flattened squamous cells (type 1
pneumocytes), while type II pneumocytes
occupied a much smaller proportion of the
alveolar surface (Figs. 19, 20). The mean of
the total cellularity of the interalveolar septa
was 110.20+12.62. This mean of cellularity
was proved to be statistically significant in-
crease when compared to both the control
and the carbon tetrachloride-treated groups
(Table 1). Type I pneumocytes constituted
about 29.5% of the total alveolar epithelium
cells that proved to be statistically insignifi-
cant in comparison to the control group, but
highly significant increase when compared
to the carbon tetrachloride-treated group
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(Table 1). Type II pneumocytes constituted
about 70.5% of the total alveolar epithelium
cells. This value was proved to be statis-
tically significant decrease in comparison
to the control group and highly statisti-
cally significant increase in comparison
to the carbon tetrachloride-treated group
(Table 1). Masson's trichrome stained sec-
tions revealed a moderate amount of col-
lagen fibers in the interalveolar septa and
around the bronchioles (Fig. 21).

The ultrastructure study of the lung tissues of
the rats showed slightly congested blood capil-
laries and the lamina of most capillaries were
empty without any inclusions in most regions.
Occasional cell fragments in focal areas were
detected. Type Il preumocytes displayed normal
short apical microvilli, cytoplasmic organelles
with large rounded centrally-placed nucleus
with peripheral condensed chromatin. The mi-
tochondria were detected with well preserved
outer and inner mitochondrial membranes.
No vaculation of the cytoplasm was observed
(Fig. 22). Type I pneumocytes appeared normal
with their flattened nuclei and attenuated cyto-

plasm (Fig. 23). Few amount of collagen fib-
ers was observed. Type II pneumocytes show-
ing features of turnover to type I pneumocytes
were observed. These features were in the form
of changing nucleus from large rounded to flat ap-
pearance combined with losing both microvilli and
lamellar bodies (Fig. 24). The blood-air barrier ap-
peared intact and made up from cytoplasm of
type I pneumocytes, cytoplasm of endothelial cells
of continous capillary, fused basal lamina of type I
pneumocytes and endothelial cells of the capillary
(Fig. 25).

e Group IV [G-CSF -treated group]:

Light microscopic examination of the lung tissues
revealed a picture similar to that found in the con-
trol group. Mean thickness of the interalveolar septa
and mean cellularity were very near to those in the
control group. Stained semithin sections with tolu-
dine blue gave a picture similar to that found in the
control group. Masson trichrome stained sections
revealed a minimal amount of collagen fibers in the
interalveolar septa and around the bronchioles. The
ultrastructure study of lung tissue revealed a picture
similar to that detected in the control group.

Table 1: Morphometric characteristics in the different groups.

Type I pneumocytes Type Il pneumocytes Total cellularity  Septal thickness (mm)

Mean=SE Mean+SE Mean=SE Mean+SE
Group I [Control 7.40+1.67 15.60+1.14 94.20+6.14 0.366+0.139
group] (a&b) (32.17%) (67.83%)
Group II [carbon 3.60+1.14%¢ 8.60=£1.26%¢ 64.204+3.56%¢ 3.848+1.049*¢
tetrachloride- treated ! l l 1
group] (a&b) (29.5%) (70.5%)
Group III:

5.60+1.14* 13.40+1.17* 110.20+12.62%* 0.441+0.075
[G-CSF+carbon | | 1
tetrachloride- treated (29.5%) (70.5%)
group]
Group IV [G-CSF- 7.30+1.01 15.50+1.02 95.00+5.09 0.365+0.437
treated group] (32.01%) (77.09%)

P <0.05

* Significant in comparison to the control group.

4 Significant in comparison to the G-CSF+carbon tetrachloride-treated group.

Decrease |

Increase 1
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Fig.1: A photomicrograph of a section in the lung
of a rat of the control group showing normal lung
architecture. Note the alveolar space (alv), respiratory
bronchiole (B) and interalveolar septum (arrow).

Hx.&E.; X400

Fig. 3: A photomicrograph of a section in the
lung of a rat of the control group showing few
amount of green collagen fibers in the interalveolar
septa. Masson's trichrome; X400

Fig. 2: A photomicrograph of a section in the lung of Fig. 4: An electron photomicrograph in the lung of a
a rat of the control group showing normal cellularity, rat of the control group showing type II pneumocytes
type I pneumocytes (I), type II pneumocytes (II), with normal lamellar body (Lb), nucleus (N), microvilli
alveolar space (alv) and red blood cell inside capillary (arrows) and red blood cell inside capillary lumen (C).
lumen (C). Toludine blue; X1000 Uranyl acetate and Lead citrate; X 7,500
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Fig. 5: An eclectron photomicrograph in the
lung of a rat of the control group showing
type I  pneumocytes with lamellar body
(Lb), nucleus (N) and mitochondria (arrow).

Uranyl acetate and Lead citrate ; 10,000

Fig. 6: An electron photomicrograph in the lung of a
rat of the control group showing type I pneumocytes
with nucleus (N), few amount of collagen fibers
(g) and normal intact blood air barrier (arrows).

Uranyl acetate and Lead citrate; X 10,000
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Fig. 7: An electron photomicrograph in the lung
of a rat of the control group showing nucleus of
type I pneumocytes (I), nucleus of endothelial cell
of capillary (en), red blood cell inside capillary
lumen (C) and few amount of collagen fibers (g).

Uranyl acetate and Lead citrate; X 12,000

e

alv

Fig. 8: An electron photomicrograph in the lung of a rat
of the control group showing normal intact blood-air
barrier formed from cytoplasm of type I pneumocyte
(ep), cytoplasm of endothelial cells of capillary
(en), fused basal lamina of pneumocyte type I and
endothelial cells of capillary (arrow), alveolar space
(alv) and red blood cell inside capillary lumen (C).

Uranyl acetate and Lead citrate; X 50,000
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Fig. 9: A photomicrograph in the lung of a rat of
carbon tetrachloride- treated group showing marked
narrowing and occlusion of alveolar spaces (alv),
marked increase in the thickness of interalveolar
septa (arrow), congestion of blood vessels (C) and
extravasation of blood into alveolar spaces (star).

Hx.&E.; X400

Fig. 10: A photomicrograph in the lung of a rat
of the carbon tetrachloride-treated group showing
extravasation of red blood cells into the alveolar space
(arrows), hypocellularity of type I pneumocytes (I),
lightly stained nucleus of type II pneumocytes (II) and
alveolar macrophages (m) inside alveolar space (alv).

Toludine blue; X 1000

Fig. 11: A photomicrograph in the lung of a rat of
carbon tetrachloride-treated group showing occlusion
and narrowing of most alveolar space (alv), detached
part of cell (arrow), hypocellularity of type I (I) and
type II (II) pneumocytes and congested capillary (C).

Toludine blue; X 1000

Fig. 12: A photomicrograph in the lung of a rat
of carbon tetrachloride-treated group showing
marked increase in the amount of green collagen
fibers. Masson's trichrome; X400
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Fig. 13: An electron photomicrograph in the lung of
a rat of carbon tetrachloride-treated group showing
alveolar macrophage (m) inside alveolar space (alv),
shrinked type II pneumocyte (II) with condensation
of chromatin (arrows) inside the nucleus (N),
multiple vaculations (V) and lamellar bodies (Lb).

Uranyl acetate and Lead citrate; X6,000

Fig. 14: An electron photomicrograph in the lung of
a rat of carbon tetrachloride-treated group showing
detached part of cell (arrow) inside alveolar space
(alv), vaculation of the cytoplasm (V), abundant
amount of collagen fibers (g) and fibroblast (F).

Uranyl acetate and Lead citrate; X5,000
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Fig. 15: An electron photomicrograph in the lung of
a rat of carbon tetrachloride-treated group, showing
type II pneumocytes with swelling of lamellar
bodies (Lb) and vaculation of the cytoplasm (V).

Uranyl acetate and Lead citrate; X10,000

Fig. 16: An electron photomicrograph in the lung of arat
of carbon tetrachloride-treated group showing shrinked
type II pneumocyte with condensation of the chromatin
inside nucleus (N), multiple vaculations of the cytoplasm
(V) and loss of tight junctions between cells (arrows).

Uranyl acetate and Lead citrate; X 5,000
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Fig. 17: An electron photomicrograph in the lung of
a rat of carbon tetrachloride -treated group showing
lightly stained nucleus of type I pneumocyte (N)
and multiple vaculations of the cytoplasm (V).

Uranyl acetate and Lead citrate; X10,000

Fig. 18: An electron photomicrograph in the lung of a rat
of carbon tetrachloride-treated group showing, rupture
of blood-air barrier (dashed arrows) in the cytoplasm
of type I pneumocyte (ep), discontinuation of the
barrier (arrowheads) in the cytoplasm of endothelial
cells of continuous capillary (en), separation of the
two fused basal laminae of type I pueumocyte and
endothelial cells of capillary (arrow ), alveolar space
(alv) and red blood cell inside capillary lumen (C).

Uranyl acetate and Lead citrate; X 50,000
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Fig. 19: A photomicrograph in the lung of a rat
of G-CSF+carbon tetrachloride-treated  group
showing nearly a normal lung architecture. Note the
alveolar space (alv), pulmonary bronchioles (B) and
normal thickness of interalveolar septa (arrows).

Hx.&E.; X400

Fig. 20: A photomicrograph in the lung of a rat of
G-CSF+carbon tetrachloride-treated group showing
increase in number of type I pneumocytes (I), type 11
pneumocytes (II), alveolar space (alv), red blood cells
inside capillary (C) and macrophage inside alveolar
space (m). Toludine blue; X1000
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Fig. 21: A photomicrograph in the lung of a rat of
G-CSF+carbon tetrachloride-treated group showing
few amount of green collagen fibers in the interalveolar
septa. Masson's trichrome ; X400

Fig. 22: An electron photomicrograph of type
Il pneumocytes of adult lung tissue of a rat
of  G-CSF+carbon tetrachloride-treated  group
showing nearly normal appearance and size
of lamellar body (Lb), normal appearance of
nucleus (N) assuming normal microvilli (arrows).

Uranyl acetate and Lead citrate; X10,000

57

Fig. 23: An electron photomicrograph in the lung
of a rat of G-CSF+carbon tetrachloride-treated
group showing normal appearance of nucleus of
type I pneumocyte (N), clear alveolar space (alv)
and red blood cell inside capillary lumen (C).

Uranyl acetate and Lead citrate; X10,000

Fig. 24: An electron photomicrograph in the lung of
a rat of G-CSF+carbon tetrachloride-treated group
showing type Il pneumocyte with features of turnover
to type I pneumocytes. Note the flat nucleus (N) and
losing microvilli (arrow). Note also red blood cell inside
capillary lumen (c) and few amount of collagen fibers (g).

Uranyl acetate and Lead citrate; X10,000
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Fig. 25: An electron photomicrograph in the lung of a rat
of G-CSF+carbon tetrachloride-treated group showing
normal intact blood-air barrier formed of cytoplasm
of type I pneumocyte (ep), cytoplasm of endothelial
cells of continuous capillary (en), fused basal lamina
of type I pueumocyte and endothelial cells of capillary
(arrow) and red blood cell inside capillary lumen (C).

Uranyl acetate and Lead citrate; X 50,000

DISCUSSION

The lung specimens of the carbon tetra-
chloride-treated rats compared with those of
the control ones showed congestion and rup-
ture of most of the blood capillaries, marked
thickening of the alveolar septa, marked nar-
rowing, distortion and occlusion in most of
the air spaces. A large number of inflamma-
tory cells in the pulmonary tissue was also
observed. Moreover, degenerated cells were
detected in certain foci accompanied by ob-
vious increase in the collagen fibers. These
findings are in accordance with the results
reported by Paakko et al. (1996) and Za-
kareya et al. (2004). Selman et al. (2001)
demonstrated that during homeostasis and
in response to lung damage, type I pneumo-
cytes are highly vulnerable to injury, while
type Il pneumocytes serve as progenitor cells
as they are more resistant to injury and can
therefore function as progenitor cells for re-
generation of the alveolar epithelium. They
explained that as these cells can proliferate
and migrate to recover the denuded basement

membrane by forming a layer of cuboidal
epithelial cells, they should differentiate to
re-establish both type 1 and type II
pneumocytes into a functional alveolar epi-
thelium. This agrees with the results of the
present study which revealed a highly sta-
tistically significant hypocellularity in both
type I and II pneumocytes in carbon tetra-
chloride-treated group in comparison to both
control and G-CSF+carbon tetrachloride-
treated groups. Based on their explanation,
the hypocellularity in type I pneumocytes,
together with rupture of blood air barriers
that were noticed in the present study in
carbon tetrachloride-treated group, indicate
that the proliferation and differentiation of
type II pneumocytes were not quite enough
to prevent either hypocellularity in type I
cells or rupture of blood-air barriers under
the effect of carbon tetrachloride. Moreover,
this hypocellularity in both type I and II
pneumocytes can reflect direct toxic effect
of carbon tetrachloride administration on
both types of pneumocytes. This effect ap-
peared clearly in the pathological changes
that were found in type II pneumocytes in
the present study as most cells showed swell-
ing, vaculations of the cytoplasm, condensa-
tion of chromatin (inactive chromatin) and
shrinkage in some other cells. It is therefore
conceivable that carbon tetrachloride admin-
istration interfered with cell integration of
both types of pneumocytes resulting in the
pathogenesis of pulmonary fibrosis. Cotran
et al. (1994) explained that the toxic effect
of carbon tetrachloride is due to its conver-
sion by cytochrome P450 to the highly re-
active toxic free radical carbon trichloride
(CC13). VenKatesan et al. (1997) added that
these free radicals can damage nucleic acids,
proteins, lipids and thus may contribute to
the loss of enzymatic activity or structural
integrity leading to increased trans-epithelial
permeability and degeneration of cells.

Cross and Mercer (1993) mentioned that in
the event of injury to the lung septa, fibroblasts,
divide and secrete more collagen leading to over-
production of collagen and scarring, which in-
terfere with gas exchange. Furthermore, Se/man
et al. (2001) proposed that pulmonary fibrosis
probably results from multiple cycles of epithe-
lial cell injury and activation that provoke the mi-
gration, proliferation and activation of mesenchy-
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mal cells with the formation of active fibroblas-
tic/ myofibroblastic foci leading to exaggerated
accumulation of extracellular matrix and ab-
normal wound repair. This is in agreement with
the results of the present study which revealed
excessive increase in the amount of collagen fib-
ers around the bronchioles and in the interal-
veolar septa in the carbon tetrachloride-treated
groups in comparison to the control group.

Ishizawa et al. (2004) reported that bone mar-
row stem cells could be the source of progeni-
tor cells for several cell types. They reported that
mice with elastase-induced emphysema were
treated with All-Trans Retinoic Acid (ATRA),
Granulocyte Colony-Stimulating ~ Factor (G-
CSF), or a combination of both. ATRA or G-CSF
promoted lung regeneration and increased bone
marrow-derived cells in the alveoli. Their results
indicate that bone marrow stem cells mobiliza-
tion might be important in lung regeneration. Two
more studies (Yamada et al., 2004 & Rojas et al.,
2005) attempted to show that the normal repair
of the lung relied on repair by circulating stem
cells (from the bone marrow) as well as by local
endogenous repair processes. They showed that
secondary lung damage was increased if the bone
marrow response was suppressed. Moreover, they
added that this damage could be reversed if bone
marrow stem cells were transplanted. Studies
done by Ortiz et al. (2003), Ishizawa et al. (2004)
and Rojas et al. (2005) demonstrated that if the
process of stem cell migration was augmented,
lung injury could be reduced.

In the current study, treating rats with CCl4
and GCS factor revealed that most of the main
cell types of pulmonary tissue restored their nor-
mal histological and ultrastructural appearance as
there were obvious increase in cellularity in both
type I and type Il pneumocytes and that both types
of cells looked normal in most regions as com-
pared to those of carbon tetrachloride-treated rats.
This may reflect the promoting effect of G-CSF
administration on lung regeneration through in-
creasing bone marrow-derived stem cells in alve-
oli that ultimately induced proliferation of type II
pneumocytes in an attempt to replace the damage
in both type I and type II cells as mentioned by
Ishizawa et al. (2004). Meanwhile, these findings
agree with the findings of Summer et al. (2004)
which provided further support that adult lung
cells could arise from the bone marrow. Moreo-
ver, Reddy et al. (2004) have suggested that type
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II pneumocytes isolated from injured lungs could
be segregated into at least two subpopulations:
Type II responsible for repopulation and type II
responsible for repair of damaged alveolar epi-
thelium. Furthermore, turnover of type II to type
I pneumocytes was observed in the current study.
This is in compatible with Guo et al. (2001) who
mentioned that differentiation of type II pneumo-
cytes into type 1 pneumocytes is essential to re-
establish a functional alveolar epithelium. This is
supported by the study of Koyama et al. (1998)
who explained that type II pneumocytes synthesize
and secrete surfactant, control the volume and com-
position of the epithelial lining fluid and prolifer-
ate and differentiate into type I pneumocytes after
lung injury to maintain the integrity of the alveolar
wall. They added that type II pneumocytes have a
role in modulating immunologic activity in the al-
veolar space as both in vivo and in vitro data sug-
gest that type II pneumocytes could participate in
the intra-alveolar cytokine network by secreting
interleukin 8, interleukin 6 and monocyte chem-
oattractant protein.

On the other hand, our findings are contrary to
those reported by Azoulay et al. (2003) and Adachi
et al. (2003) who reported negative effect of G-
CSF on lung injury induced by bleomycin. They
explained that the exacerbating effects of G-CSF
seemed to be associated with marked infiltration
of the pulmonary tissue with activated neutro-
phils. Furthermore, other authors have suggested
that the effects of neutrophils on the lung in the
rats treated with G-CSF may be closely related
not only to the number of neutrophils, but also to
the inflammatory phase of the pulmonary lesions
(Adachi, 2002). Moreover, Adachi (2003) added
that the administration of G-CSF to rats with slight
lung injury bearing no pulmonary fibrosis does not
exacerbate the injury. The difference between his
findings and ours may be due to the different un-
derlying mechanisms of the causing agent of pul-
monary fibrosis. Additionally, the difference in the
results of the two experiments could result from
the difference in the dose of G-CSF used in the two
experiments. The used dose of G-CSF was suf-
ficient to mobilize hematopoitic stem cells into
the peripheral blood in adequate numbers but not
causing lung injures. This explanation agrees with
Inano et al. (1998) who indicated that injection of
G-CSF causedb rapid neutropenia and neutrophil
sequestration in the lungs that is likely to be medi-
ated through a G-CSF-induced decrease in neutro-
phil deformability. However, this G-CSF-induced
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neutrophil sequestration did not appear to induce a
massive lung injury.

In the present study the lung specimens of
the carbon tetrachloride-treated rats revealed
presence of excessive amounts of collagen fib-
ers around the bronchioles, in the interalveo-
lar septa and in the pulmonary blood vessels
while in G-CSF+carbon tetrachloride- treated
rats a minimal amount of collagen fibers was
found. This is in agreement with the results of
Moodley et al. (2009) who revealed that the
collagen concentration inthe lung was signifi-
cantly reduced by stem cell treatment. Their
results suggested that stem cells have antifi-
brotic properties and may augment lung repair.
Also studies of Plenz et al. (2003) demon-
strated that G-CSF plays a major role in the
cytokine network regulating the metabolism
of vascular collagens. They added that G-CSF
deficiency leads to an altered composition of
the vascular collagenous matrix, i.e., reduced
amount of fibrillar collagen, altered ratio of
fibrillar and network-forming collagen and
failures in the fibrillogenesis suggesting that
G-CSF is a basic requirement for the mainte-
nance of vessel wall integrity and resilience.

In conclusion, there is evidence that bone
marrow derived stem cells are able to target
areas of the body undergoing injury and con-
tribute to repair. The exact mechanisms are not
wholly understood and different cell species
may have different roles in certain situations.
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