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SUMMARY

The mucosa of tho intrapulmonnry nirways of epithelivm, Brush cells were rarely found
the one-humped cameol was mainly formed of in-boetween the bronchiokr epithelium. The
the usual cilinted columnar colls, basal cells, non-cilinted Clara cells wero the prominent
goblet cells, brush cells and the non-cllinted coll-typo in the lining epithelium as far
cells of Clara. Basal cells and goblet colls, distally as fterminal and respiratory
were found only in large airwnys and wore bronchioles,

scarce or absent in thdé bronchiolar

INTRODUCTION fragmontary [1]. Some discrepancies wero
found between an carly description of the
respiratory tract of camelus dromedarius by
[2,3&4] and more recent study [5]. In an
attempt for better understanding of the
structure-function relationships in the lung of

- Camels arc well known for their positive desert
characteristics. This has urged many scientists
and rescarchers to study the biology of this
organism in details. The respiratory tract of
camel has attracted considerable interest. A
feature of their nostrils is that a large amount of
waler vapor in their exhalations is trapped and
returned to the camels body fluids, thereby
reducing the amount of water lost through
respiration. The available information is

tho one-humped camel. Our objective was to
study the ultrastruclure morphology of the
epithelial lining of the intrapulmonary airways,
using both TEM and SEM.

MATERIALS AND METIIODS

The lungs of 9 apparently normal one-humped Samples of lung tissue were fixed in 10%

camels of both sexes were used. Sumples were buffered formalin  before embedding in

taken from different arcas of the apical and paraffin. Sections, 4 — 6 Um, thick w:fm cut

cardiaco-diaphragmatic lobes of both lungs. and stained with hematoxylin and cosin and
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Crosumon's trichrome stains.  As outlined
M Rancroft and Stevens [6]. For SEM other
grall stips of hing tissue were fixed in
glutaraldehyde, dehydrated in 3 graded
ceries of ethanol and then critical point dried
from liquid CO;. The blocks were mounted

RESULTS

Licht microscopy

The mtrapulmonary bronchi and bronchioles
were lined with 3 types of cells; ciliated cells,
eoblet cells, brush cells, basal cells and Clara
cells. The cilizted and basal cells were the most

puerocs c2ll types.

Structural features of the lining cells:

The ciliazed cells: zppeared tall columnar and
having large number of long cilia (Fig.1&2).
Their ncclei were large oval to ovoid In
shape znd were besally located but mostly

--—l—|-—ll-l'-;'u- -
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Fiz.1 : Mucosa of intrapulmonary Bronchus
HXE stain, X 800

&2

on carbon disks with adhesiyg d v
' (

with a thin (50A) layer of gold iy :“Uq
triode sputter-coater.  The tiggy, Gy
examined with a JEOL JSM3s eltl%
microscope at magnifications rangi Cltgy

n
5,000 to 20,000X. 8 Iroy

Fig.2 : Bronchial epithelium of camel
Toluidine blue, X 800

The goblet cells: They were found only in Itz
airways and were scarce Or absent in €
bronchiolar epithelium. Goblet cells occur
singly or in groups of 2 or 3 cells in- betv=
the columnar ciliated ones (Fig-3&A). Theirss,
were often crescent shaped and found ns
narrow stem basal portion. The wide apica P,
of the cells was occupied by vacuoles which "il
in density. f

|

Fig.3 : Bronchial epithelium of camel
Crossmon's trichrome stain, X 800
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Brush cells: They were seen more often in
the proximal bronchioles, They were
distributed sparsely but rather uniformly,
and tend to be grouped in two or more
cells. LEnch cell

appeared  narrow

columnar in shape and lacking any cilin
(Fig. 3&35). They were immediately
recognized by their apical vacuolated
dense cytoplasm.  The nuclcus wag
elongated or oval and occupying a middle
position,

In the bronchial airways, the brush cells
constituted a faire amount (more or less
20%) of the total cell population. Whereas
in the bronchiolar tree, they were rarely
found and were less than 10% of the total
cell population.

The basal cells were smaller in diameter
and were seen resting on the basement
membrane, but not approaching the luminal
border. They had different shapes with
large oval or spherical centrally located
nuclei and unstained cytoplasm (Fig.1&3).

Their cytoplasm was lightly stained. Some
basal cells - attained a larger size and
became insinuated ' in-between the other
lining cells to reach the luminal surface. It
could be suggested that the basal cells
functioning to replace apoptotic columnar,
goblet and brush cells.

Fig.4: epithelivm of intrupulmonnry Bronchus
H&L stain, X 800

Clara cells:  These cells were numerous
and prominent in the lining epithelium as
far distally as terminal and respiratory
bronchioles. They appeared #s non-
ciliated columnar cells with dome-shaped
protrusions. They protruded considerably
into the lumen far beyond the apices of the
adjacent ciliated cells. So that the apical
surface of the epithelial lining the bronchiole
showed cilia and dome-shaped protrusions
of the Clara cells. The nucleus was large

but had no remarkable features.

Fig. 5: Bronchial epithelium of camel
Toluidine blue, X 800

As the caliber of the airway diminished,
the lining columnar cells of the bronchi
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became shorter with the goblet cells tended
to be sparse. The Clara cells within the
cpithclial lining became more obvious

and numerous.

Scanning electron microscopy

Bronchi: The mucosa of the bronchi was
thrown into regular longitudinal folds with
transverse furrows in-between (Fig. 6). The

Fig. 6: Bronchial mucosa thrown into
longitudinal folds.

mzjority of the lining cells appeared as
columnzr ciliated bearing abundant long
cilia (Fig. 7). Goblet cells were seen

into
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Fig. 7: The lining epithelium of the Bronchus

the lumen, each with dome-shaped apical
end. The bronchial epithelium was resting

on an interrupted basement membrane.
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Bronchioles: These airways had a S
diameter and their wall was uninterryp,,
by alveoli. A bronchiole split up (Fip g

into

A AEEQ!::' dg_r.li
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W & Toerminal - .
’ Bronchlals

Fig.8: Mucosa of the terminal bronchiole.
It shows both ciliated and Clara cells.

terminal bronchioles and then respiratey
bronchioles that were connected to )
alveolar sacs by alveolar ducts. The muces

showed a scalloped appearance (Fig. 9)
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Fig. 9 Bronchiolar mucosa thrown into
longitudinal folds. I

another by deep furrows. In large bronch? 4
the epithelium was usually columnar cilis”
with few non-ciliated cells of Clara (Fig: 10
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Fig. 10: Bronchiolar mucosa formed of
f;::I.unumr ciliated with secretory cells of Clara,

The length of the cilia  was  uniform,
approximately 4.5 1o 5 pm. The sccretory
materials appeared as small granules within the
apical cytoplasm of Clara cells (Fig. 10). In
small bronchioles, the ciliated cells arranged in
interspersed  with

groups Clara  cells

throughout the epithelial surface. The length of

the cilia was also uniform. In certain areas of
some bronchioles, large islets of short tongue-
like microvilli were observed on the mucosal
surface (Fig. 11).  These microvilli were not

pronounced throughout the mucosal surface.
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“E.' H: large islet of shon tongue-like microvilli
¢re observed on the mucosal surface.

Ihe 'erminal bronchioles were lined by both

e
Cliated cells and Clara cells (Fig. 12&13). In

their . :
Proximal portions the ciliated cells
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Fig. 12&13: Epithelial lining of the terminal
bronchiole, It shows both ciliated and Clara cells.

predominated. More distally, the ciliated
cells became less numerous and  were
replaced, in some areas, by the Clara cells.
The luminal surface of the dome-shaped
protrusions of Clara cells (Fig. 14). showed

few scattered stubby microvilli.

Fig. 14: Apical dome-shaped protrusions of
The non-ciliated Clara cells
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In the initial portion of respiratory
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—x by air flow and mucociliary
pban ce. In the present study, the surface
clearad o .
(eatures of the normal distal n‘-'_-mmtnrr
ract of the camel hav:bccndcsa‘:nbcd‘Thc
mucosa of the intrapulmonary airways was
mﬂin-l)' formed of the wusual ciliated
columnar cells. Basal cells and goblet cells,
were found only in large airways and
were scarce or absent in the
bronchiolar epithelium. The non-ciliated
Clara cells were the prominent cell-type in
the lining epithelium as far distally as
terminal and respiratory bronchioles.
Brush cells were rarely found in-
between the bronduolar epithelium.

The intrapulmonary bronchi were
densely carpeted with ciliated cells. Mucus
secreting cells protruded between the cilia
and were more numerous in the bronchi.
These findings are in accord with
features observed in cattle [9], dogs
(10,11] cats [12,13] and non-human
primates [14,15]. In some examined
bronchi there were occasional small
imegular  patches of  non-ciliated
microvillus cells. Similar patches have
been described in adult cattle [9].
According to Pirie et al., [16] these were
considered to be abnormal and possibly
represented the result of an earlier
subclinical infection.

Although ciliated cells were the most
Dumerous cell type in the small bronchi,
goblet cells became more evident. The
latier were either flat or bulged into the
lumen; others were discharging mucus and
appeared similar to the mucus secreting
Boblet cells described in the bronchi of rat
117,18] and hamster [19]).
In the bronchioles, ciliated cells gradually
Ciliau:] less numerous and the non-
cells became the predominant

‘“l} OYPe in the terminal bronchioles. This
'S 1 accord with the findings of Plopper
(20] who stated that they form up to 75 per
cnl of the epithelial population of
bronchioles in the horse.

The present ‘study revealed that the
percentage of the ciliated cells to the
whole epithelial lining cells was constant
in the intrapulmonary bronchi (35%) and in
the bronchioles (70-80%%). However, Jeflery
and Reid [21] reported 35% ciliated cells
in the main bronchi in rat. This finding
Seems to correspond to the report by [17)
who mentioned that areas populated with
few ciliated cells are occupied by goblet
cells.

An interesting observation was the gradual
junction between respiratory bronchioles
and alveolar ducts. Both ciliated cells and
non-Ciliated bronchiolar epithelial cells
extended to, and were contiguous with, the
cells of the alveolar epithelium. In horse,
this change was abrupt [16] and was
gradual in dog where only non-ciliated

bronchiolar epithelial cells extend to the

junction with the alveoli of the respiratory
bronchioles [10]. This change was also

described as being poorly developed in the

horse [22,23].

Smith et al, [26] and Plopper et al., [27]

demonstrated in the rat bronchioles that the

Clara cells projected their entire apical

surface high above the surrounding ciliated

cells. On the other hand, Andrews [18]

described the Clara cells in rat bronchioles

as knobby-surfaced. The present study,

however, showed both surface structures of
Clara cells in the camel bronchioles. The

various surface structures may possibly

reflect differences in active secretory

phases or cell maturation. -Moreover, the

distribution of these cells varies. Jeffery
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and Reid [21] briefly noted that the cells
were located proximally as far as the hilum
of the lung. The present study, however,
demonstrated that the Clara cells occurred

distal to the furcations of the bronchi into
bronchioles.

Clara (28] was suggested that the
presence  of this cell type was
characteristic of the terminal bronchioles.

In the present study Clara cells were found
in airways as far proximally as the hilum.
In other species cells with features of the
Clara cell have been described as far
centrally as the trachea [29] and even the
nasal mucosa [30]. Whether it is the Clara
cell or the type-lI alveolar cell which
contributes most to the surfactant lining of
the lung is not yet established [31]. If the
Clara cell does contribute, it could do so at
several airway levels. |
The brush cell has not previously
been described in the airways of
domestic animals [16]. The brush cells
found in the present study resemble those
previously described in rat and pig
airways [32,33,34] and in the alveoli of
the rat [35]. In agreement with the
findings of [35], the brush cell is a rare
-cell type in the lung as a whole. But in
some locations it represents as much as
10% of epithelial cell volume, and in
others it covers up to 2% of the airway
surface.  Although the role of the
respiratory brush cells is not
understood.The presence of many
pinocytotic vesicles at its luminal edge
suggests an absorptive function. The
densities of brush cells in the trachea and
the bronchi found by the current study
agrec with previous observations [21).

88
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Luciano et al, [33] Suggeste

chemoreceptor function for brqah celly ha.g,;
on the observation of synaptic ju“cﬁ%
between brush cells and afferent Nerye,
The prevalent hypothesis on the ﬁlnctiun u‘f
brush cells is that they are related 4 fluig
balance in the lung [35]. This is mai,
because the microvilli of the mpifﬂtﬂry
brush cells resemble those of the $mal]
intestinal cells. The brush _cells, a8 seep
presently, are concentrated in the proxip
airways rather than in the distal ones. Sjp,
the type-Il pneumocyte has beg
implicated in fluid and electroly,
transport the alveolar wall [36,37,38,39)

another absorptive cell would not be

required for the gas exchange region. This
may explain the lack of brush cells in the
distal alveolar region. |
 Blenkinsopp [40] has shown that the
basal cell layer of the extrapulmonary
airway acts in a similar way to the
germinal layer of the epidermis, division
of its cells giving rise to the mor
superficial layers. In this respect fk¢
epithelial lining of the large airways mé |
be regarded as having two compartment
one basally situated and involved wit
division, the other superficial and
involved chiefly with maturation [21] &
contrast, intrapulmonary airways of 1
camel, and more especially the dist
bronchioles, have effectively no
compartment, the single layer being cof
cerned both with division and matursi®”
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