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ABSTRACT

Ghrelin, the endogenous ligand for the growth hormone secretagogue receptor, has been identified in
the lung of many vertebrates. While ghrelin-immunopositive (ghrelin-ip) cells have been found in the
cerebellum, pancreas and gastrointestinal tract of African ostrich chicks (Struthio camelus), little is
known about its distribution in the lung of the African ostrich. To provide the morphological basis of
ghrelin function in the African ostrich lung, the distribution and morphological characteristics of ghrelin-
ip cells were investigated using immunohistochemistry. The results indicate that the lung of African
ostrich was composed of interstitial tissue and parenchyma. The interstitial tissue formed a layer of serosa
on the surface of the lung. The parenchyma of the lung consisted of bronchial levels, atria and respiratory
capillaries. The bronchi were divided into the primary, secondary and tertiary bronchi. The wall of the
tertiary bronchus had openings for the atria and respiratory capillaries. The respiratory capillaries were
surrounded by a rich blood capillary bed. Ghrelin-ip cells were located among the tertiary bronchus
mucosal epithelial cells, respiratory capillary epithelial cells and macrophages. The ghrelin-ip cells
showed cytoplasmic staining, they were cone, oval, spindle, round or irregular in shape and tended to
be restricted to a single cell. These results demonstrate the presence of ghrelin-ip cells in the lung of the
African ostrich and therefore it is speculated that ghrelin may have a physiological function in the lung
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of the African ostrich.

INTRODUCTION

hrelin, a 28-amino acid gut peptide acylated at the

serine-3 position with an n-octanoyl group (C8:0),
has been isolated as an endogenous ligand of the growth
hormone secretagogue receptor (GHSR) in the rat stomach
(Kojima et al., 1999). Among birds, chicken ghrelin is
composed of 26 amino acids (Sato et al., 2012), while
ostrich ghrelin has 28 amino acids (Wang et al., 2011).
Ghrelin is mainly produced and secreted by A-like cells
within the oxyntic glands of the stomach (Shi ez al., 2017),
and the acylation is essential for ghrelin’s activity through
the GHSR (Nishi ez al., 2011). Besides its strong function
to promote growth hormone secretion, ghrelin also plays
roles in regulating the secretion of endocrine system,
gastrointestinal motility, development of reproductive
glands, feeding and energy balance (Ohno et al., 2010;
Healy et al., 2011; Lotfi ef al., 2011, 2013; Abizaid and
Horvath, 2012; Sato et al., 2012; Vizcarra et al., 2012;
Sirotkin et al., 2013).
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Recently, there were reports that ghrelin also
participated in some physiological functions and
pathological progress of lung in rats (Henriques-Coelho
et al., 2006; Nunes et al., 2008; Schwenke et al., 2011).
In general, to understand or hypothesize the physiological
role of newly identified peptides, it is of great significance
to determine the morphological characteristics of the
producing cell and its distribution. Previous studies have
shown that ghrelin-ip cells were distributed in the lungs of
some animals such as broiler chickens, sika deer, reindeer
and rat (Santos et al., 2006; Wei et al., 2010; Liu et al.,
2016; Zhang et al., 2016). However, in the African ostrich,
ghrelin-ip cells were only identified in the cerebellum,
pancreas and gastrointestinal tract (Wang et al., 2009,
2012, 2017, Wang and Li, 2017), little is known about
its distribution in the lung. Therefore, the distribution
and morphological characteristics of ghrelin-ip cells
in the lung of the African ostrich were investigated by
immunohistochemistry in the present study in order to
provide the morphological basis of ghrelin function in the
African ostrich lung.

MATERIALS AND METHODS

Animals
African ostriches (age, 5 months; weight, 35.12+2.17
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kg) were used for this study. African ostrich (2 females and
2 males) were obtained from the Ostrich Research Institute
of Yangtze University in Hubei Province, China, where
feed and water were made available ad libitum. All of the
birds were maintained in a heated room with slatted plastic
flooring and were fed a starter diet for postnatal days 7,
which was formulated according to the specifications of
the Elsenburg Ostrich Feed Database (Brand, 2000). All
procedures were approved by the Animal Care and Welfare
Committee of our Institute.

Tissue preparation

The ostriches were deeply anesthetized with 10%
urethane (Caoyang Secondary Chemical Plant, Shanghai,
China) at a dose of 1 g/kg BW, and perfused, initially
with 1000 mL of 0.85% normal saline (containing
0.075% sodium citrate) and thereafter with 1500 mL
of 4% paraformaldehyde phosphate-buffered solution
(0.1 mol/L, pH 7.4) at 4°C. The thoracic cavity was cut
open and the entire lungs were quickly removed, and
gently flushed with 0.85% normal saline to remove the
content, then be postfixed for more than 24 h with 4%
paraformaldehyde. After immersion, the tissues were
embedded in paraffin. Serial sections (Spum) were cut on
a Leica microtome (Nussloch Gmbh, Germany), 2 sets of
sections were prepared; one was stained by haematoxylin
and eosin to observe the the morphologyy of lungs; the
other was stained by immunohistochemistry to observe the
distribution and morphological characteristics of ghrelin-
ip cells in the lungs of the African ostrich.

Immunohistochemistry

Immunohistochemical  detection of  ghrelin-
ip cells using rabbit anti-ghrelin was carried out by
the streptavidin-biotin-peroxidase complex (SABC)
method. The production and specificity of the anti-
human ghrelin serum used in this study were previously
reported (Wang et al., 2009); it is established that this
antiserum recognizes both N- and C-terminial of human
ghrelin. Immunohistochemical staining was performed
according to the following procedure. The sections were
deparaffinized with xylene and rehydrated with decreasing
concentrations of ethanol, then treated with 3% hydrogen
peroxide to block endogenous peroxidase for 10 min at
room temperature. After rinsing with distilled water, the
sections were incubated with a citrate buffer (pH 6.0) and
placed in a microwave oven until the water boiled to fully
expose the antigen. After rinsing with phosphate-buffered
saline (PBS), the sections were incubated with 5% normal
goat serum for 20 min. After removing superfluous liquid,
the sections were incubated with rabbit anti-ghrelin serum
(BA1619; Boster Corporation) diluted 1:100 in PBS for

12 h in a humid chamber at 4°C. After washing with PBS
for 6 min, a second incubation with biotin-conjugated anti-
rabbit IgG serum (SA1022; Boster) was carried out for 20
min, and this was followed by further washing with PBS.
Finally, the sections were incubated for 20 min with an
SABC solution prepared according to the manufacturer’s
instructions. After washing with PBS for 20 min, the
sections were reacted in a diaminobenzidine-tetrachloride
kit (DAB kit, AR1022, Boster Corp) for 10 min to detect
immunostaining. After washing with distilled water, the
sections were dehydrated with a graded ethanol series,
cleared in xylene, mounted with a coverslip, and viewed
under a light microscope (BH-2; Olympus, Japan). All
of the incubations were carried out in a humid chamber
at room temperature. Control sections were prepared
using the same method, omitting the primary antibody.
To examine the specificity of rabbit anti-human ghrelin
antiserum, the diluted antiserum (1:100) was incubated
with human ghrelin (5 pg/ml) at room temperature for 10
h, and mixtures were centrifuged at 12000 rpm for 25 min
at 4°C. The supernatant was used as the primary antiserum
for absorption tests.

Morphometric analysis

For each lung tissue sample, 3 cross-sections
were prepared after the samples had been stained with
hematoxylin and eosin and SABC stain. Further, for
each lung cross-section, 10 intact, well-oriented units
were selected for experiments conducted in triplicate
(30 measurements for each sample). Then taking digital
photographs under a light microscope with a digital camera
(COOLPIX4500; Nikon, Japan).

RESULTS

All results presented were obtained from both female
and male chicks. No gender-specific effects were observed.

Histological characteristics of the lung

The lung of the African ostrich, found to be pink
with no lobes, was composed of interstitial tissue and
parenchyma. The interstitial tissue formed a layer of serosa
on the surface of the lung, in which the connective tissue
stretched into the lung parenchyma, forming a support
structure for the lung, and artery could be observed in the
interstitial tissue (Fig. 1A). The parenchyma consisted of
the bronchial levels, atria and respiratory capillaries (Fig.
1A). The bronchi were divided into the primary, secondary
and tertiary bronchus, and they formed an interconnected
labyrinthine structure. The bronchus formed primary
bronchi after entering the lung. The wall of the secondary
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bronchus mucosa had distinct longitudinal wrinkles, and
the epithelium was pseudostratified ciliated columnar
epithelium. The epithelium of tertiary bronchus was
incomplete since it had openings for the atria and
respiratory capillaries, and the epithelial cells were cone,
oval or irregular in shape, the nuclei were round at the
middle of the cells (Fig. 1B). There were smooth muscles
around the epithelium of tertiary bronchus (Fig. 1B). The
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atria were small and irregular, and they also had openings
for respiratory capillaries (Fig. 1C). There were abundant
blood capillaries around the respiratory capillary as well
(Fig. 1C). The wall of respiratory capillary was simple
squamous epithelium, and the epithelial cells were oval,
spindle or irregular in shape, the nuclei were oblate (Fig.
1D). In addition, macrophage and vein could be observed
in interstitial tissue of lungs (Fig. 1D).

Fig. 1. Histology of the African ostrich lungs. A, the lung parenchyma and artery; B, the tertiary bronchus; C, atria; D, respiratory
capillaries. TB, tertiary bronchus; RC, respiratory capillaries; Ar, artery; SM, smooth muscle; EL, epithelial layer; A, atria; BC,
blood capillary; MC, macrophage; V, vein. Scale bar: A=500 um; B, C and D=50 um, Stain: haematoxylin and eosin.
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Fig. 2. Distribution of ghrelin-ip cells in the lungs of the African ostrich. A, ghrelin-ip cells (arrows) were found within the lung;
B, ghrelin-ip cells (arrows) within the tertiary bronchus mucosal epithelial cells; C, ghrelin-ip cells within the respiratory capillary
epithelial cells (1) and macrophage (11); D, the control sections were negative. TB, tertiary bronchus; RC, respiratory capillary;
IT, interstitial tissue. Scale bar: A and D=100 um; B and C= 50 pm.

Distribution of ghrelin-immunopositive cells
Immunohistochemical streptavidin-biotin-peroxidase
complex (SABC) staining showed that ghrelin-ip cells
presented in the parenchyma and interstitial tissue in the
lung of African ostrich, and to be varying shades of brown
(Fig. 2A). Ghrelin-ip cells were located among the tertiary
bronchus mucosal epithelial cells, respiratory capillary
epithelial cells and macrophages, and they tended to be
restricted to a single cell with different sizes (Fig. 2A). In
the parenchyma, ghrelin-ip cells located among tertiary

bronchus mucosal epithelial cells exhibited a stained
cytoplasm, and they were cone, oval, or irregular in shape
(Fig. 2B). While among respiratory capillary epithelial
cells, ghrelin-ip cells were oval, spindle or irregular in
shape, they also showed cytoplasmic staining (Fig. 2C).
In the interstitial tissue, ghrelin-ip cells located among
macrophages were irregular in shape with a stained
cytoplasm (Fig. 2C). However, these staining profiles were
not observed when the sections were processed with the
supernatant without the primary antiserum for absorption
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tests as negative control (Fig. 2D).
DISCUSSION

Structure of the African ostrich lung

The lung is an important respiratory organ in the
body, and the shape, location and structure differ among
animals. In the present study, we found that the lung
of African ostrich had no lobes, which was similar to
Falco tinnunculus (Feng et al., 2009a), Tragopan caboti
(Wang et al., 2006), and Aguila chrysaetos (Feng et al.,
2009b). However, the lung of mammals had lobes (Yarto-
Jaramillo, 2011). Furthermore, the bronchi of mammals
formed bronchial tree, whereas in the ostrich, they formed
an interconnected labyrinthine structure, which was
consistent with F. tinnunculus (Feng et al., 2009a), T.
caboti (Wang et al., 2006) and A. chrysaetos (Feng et al.,
2009b). These results suggest that the lungs of avian are at
a lower level of evolution than that of mammals.

In present study, the atria of the African ostrich were
small and irregular, however, in the F. tinnunculus (Feng et
al.,2009a), T caboti (Wang et al., 2006) and 4. chrysaetos
(Feng et al., 2009b), they were arranged radially around
the tertiary bronchus. These results indicate species
differences in lung tissue.

Unlike those smaller highly aerobic volant birds,
ostriches have to tolerate extreme thermal stresses through
sustained panting as they live on the ground (Maina
and Nathaniel, 2001). Therefore, the difference in lung
tissue between the ostrich and other birds may be due
to adaptation to its living environment. Further study is
needed to investigate whether such differences result in
different functionality of the lung.

Distribution of ghrelin immunoreactive cells in the lung of
African ostrich

Recently, studies have demonstrated the presence of
ghrelin-ip cells in the lungs of various animals (Santos et
al., 2006; Wei et al., 2010; Liu ef al., 2016; Zhang et al.,
2016). In this study, ghrelin-ip cells were found within
the tertiary bronchus mucosal epithelial cells, respiratory
capillary epithelial cells and macrophages. However, these
distribution features of ghrelin-ip cells were different from
that of broiler chicken, sika deer, reindeer and rats (Santos
etal.,2006; Wei et al., 2010; Liu et al., 2016; Zhang et al.,
2016). In broiler chicken, ghrelin-ip cells were found to be
located among the scattered macrophages of the lung (Wei
et al., 2010). In sika deer, ghrelin-ip cells in the lung were
mainly distributed in the epithelial cells of the bronchial
wall surface and alveolar epithelial cells (Liu ef al., 2016).
Ghrelin-ip cells showed significant positive staining in the
lung of reindeer, the bronchial epithelium was darker, and

the cytoplasm of the alveolar cells and the nuclei were
stained at high magnification (Zhang et al., 2016). In rats,
ghrelin-ip cells were expressed in the primitive epithelium
of the lung at early stages of development (Santos et al.,
2006). These results indicate that ghrelin in ostrich lung
has a different distribution pattern than in other animals.
It has been demonstrated that an osmotic plate
structure is distributed over the epithelium and surfaces of
tertiary bronchus, atria and respiratory capillaries, whose
function is similar to pulmonary surfactant of livestock,
which plays significant roles in pulmonary mechanics,
surfactant in airways, pulmonary vessels and blood flow
(Wagner et al., 1996; Bjorklund et al., 1997; Im Hof et al.,
1997; Wada et al., 1997). Additionally, Henriques-Coelho
et al. (2006) found that ghrelin administration attenuated
monocrotaline-induced pulmonary hypertension,
pulmonary vascular remodeling, and right ventricular
hypertrophy, indicating that it may modulate pulmonary
hypertension. Previous studies also showed that exogenous
ghrelin could prevent adverse changes in pulmonary blood
flow distribution throughout the lung in rats (Schwenke e?
al.,2011). In present study, ghrelin-ip cells were found to be
distributed in the tertiary bronchus mucosal epithelial cells
and respiratory capillary epithelial cells, it suggested that
ghrelin might have some effects on pulmonary physiology
of African ostrich. At the same time, ghrelin-ip cells
were found to be located among macrophages, so it was
deduced that ghrelin is likely to play a role in immunity.
Further, ghrelin has been demonstrated to have a positive
effect in fetal lung development through its GHS-Rla
receptor (Nunes et al., 2008). Therefore, ghrelin may have
a physiological function in the lung of the African ostrich.

CONCLUSION

The present study provides a morphological basis for
ghrelin function in the lung of African ostrich, and it is
important to perform further studies on the function and
regulation mechanism of these peptides in this location for
African ostrich.
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