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SUMMARY :A qualitative and quantitative study, by light microscopy, was undertaken on the lower respiratory system of the
African Giant pouched rat. Specifically, the trachea, bronchi and lungs were stained with Haematoxylin and eosin, Alcapilat a
2.5 and Periodic Acid-Schiff stains. Three cell types were identified in saggital sections of the trachea: the cilidtasateisls and
mucous cells. Fibers of the trachealis muscles in the laminar propria separated the underlying cartilages from the basau=lls.
cells were visible only in the membranous portion of the trachea and they were predominant in the rostral and caudattipertion of
trachea. Lobar bronchi consisted of cuboidal epithelium and a layer of one or two smooth muscle cells and opened into segmental
bronchi and respiratory bronchiole. Some tracheal cartilaginous rims stained blue with AB while most glandular cellscstwitied re
PAS. The diameter of respiratory bronchiole, alveoli duct and alveoli were[24.931.27), 21.14im (+ 0.66) and 12.95m (x 0.21),
respectively. These and other findings were compared with similar report in other rodents.
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INTRODUCTION

The African Giant pouched rat is one of the twanvestigators have made pioneering efforts to characterise
members of the genuBricetomysalongside the Emin’s various systems of this rat in Nigeria. Systems that have been
pouched rat Gricetomys emini It is among the largest studied include: reproductive (Ogwuegttial, 1983; Okeet
Murids in the world. In Nigeria, an increasing amount o#l., 1995, 1988a, 1988b; Oke & Aire, 1989, 1990; Akinleye
interest is currently expressed on the biology of this wildl., 2007), digestive (Alet al, 2008) urinary (Onyeanust
rodent. This is not surprising because of the catalogue aif, 2007; 2009), skeletal (Olué¢al, 2010) nervous (Nzalak
their importance which has led to theiingedomesticated. etal, 2005; Ibeet al, 2010a; Ibeet al, 2010b), integumentary
They serve as supplementary protein source for rural dwelléHse et al, 2010c) and lymphatic (Ibet al, 2010d)
in Nigeria (Ajayi, 1975; Olayemnet al, 2001), thus assisting
in food security. They have been successfully used to detect ~ Histology of the lower respiratory system in other
land mines (Mott, 2004) and to diagnose tuberculosis (Maggi®dents such as the laboratory rat (Spated., 1982; Choet
2003) due to high acuity of odour perception. They also serag, 2000; Widdicombet al, 2001), hamster (Kenneeéyal,
as exotic pets (Cooper, 2008) and are proposed as laboratt®y8), squirrel (Nakakuki, 1979) and guinea pig (Kliment
model of investigation into many physiologic and pathologial., 1972) have been described in detail. However, such
conditions (Olayemi & Adeshina, 2002). description in the African Giant pouched rat is lacking. The

only study found in the literature regarding the respiratory

To better understand the African Giant pouched ragnatomy of the African Giant pouched rat was the gross
documentation of its anatomy as a basic science pre-requisiterphology and morphometry of the conductive bronchial
for future biomedical investigations is paramount. Thus, sevettage reported by Valerius (1996).
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Protective properties of the lower respiratory systemigeria. Here, they were kept in standard laboratory rat cages.
are well delineated in the histological features of the systeithey gained maximum acclimatization for one month before
Goblet cells, which are specialized epithelial cells ofommencement of the experiment. During this period, they
conductive airways, secrete mucins in response to inhaledre physically examined under careful restraint in the cage
foreign bodies and infectious agents (Rogers, 1994). Gobtet ascertain their health status. Un-pilled groundnuts,
cells are also responsible for the formation of ciliategroundnut cake, raw potatoes and drinking water were
epithelial cells. The respiratory mucus gel, in conjunctioprovidedad libitumthroughout the experimental period.
with ciliated epithelial cells, forms the mucociliary
“escalator,” which, along with cough, is essential for th@issue ProcessingThe rats were euthanized by intra-
maintenance of sterile and unobstructed airway (Thornt@eritoneal injection of lethal dose of Thiopental Sodium
& Sheehan, 2004). Although the cellular composition of th@Rotexmedica, Trittau. Germany). With the animals on a dor-
respiratory epithelium in mammalian airway is basically sisal recumbency, tracheotomy through the ventral cervical
milar, pronounced differences exist in the distribution pattemegion preceded fixation of the lower respiratory system by
of epithelial cell types at the various levels of the airwaintra tracheal instillation of 17 to 20 ml of 10 % phosphate-
(Reznik, 1990). These differences have been reported in thdfered formalin, using a cannula. When the fixative stopped
regional distribution of tracheal mucous gland in differerfftowing, the animals were maintained in the same supine
rodents and other mammals (Gatal, 1963; Korhonert position for about four hours. The ventral cervical region and
al., 1969; Choket al; Widdicombeet al). In some species, entire thoracic cavity were exposed surgically to reveal the
tracheal mucous glands are concentrated between tbeer respiratory system. The lungs were physically examined
cartilaginous rings, whereas in others, the glands are eveahd they showed no visual evidence of pathologic conditions.
distributed over and between the rings (Chbal). The They were also fully expanded. This was evident by the fact
alveolar epithelium of the lungs is a combination of typethat the lobes were closely applied to the walls of the pleural
cells that build the air-blood barrier and type Il cells thatavity. The lower respiratory system was exteriorized and
synthesize and secrete surfactant. The lung surfactdirged from other thoracic viscera. The trachea, principal
proteins A and D are part of the pulmonary innate immur®@onchi and lungs were separated. These organs were fixed
system (Wuet al, 2003; Wright, 2004; Junet al, 2005) in 10 % phosphate-buffered formalin for three days.
and influence inflammatory processes (Chaatl, 2003; Thereafter, the samples were washed in water and kept therein
Gardaiet al,, 2003). for twenty four hours. Further processing involved

dehydration in a series of 70 %, 80 %, 90 %, 95 % and 100 %

The present study was aimed at documenting ttacohol in that order, leaving them in each solution of alcohol
normal microscopic features of the lower respiratory systefor an hour. The tissues were cleared in xylene, infiltrated
in the African Giant pouched rat, in order to add to theith molten paraffin wax (BDH Chemicals Ltd. Poole,
available information on the anatomy of the rodent. ThEngland) at 60 OC, blocked in paraffin according to standard
specific objectives were to describe the histomorphology pfocedures (Kiernan, 1990) and labelled.
the trachea, bronchi and lungs, to describe the regional
distribution of the tracheal mucous glands and finally, to Sagittal and coronal sections of the conductive airway
compare our findings with similar report in other rodentgtrachea and principal bronchi) and lungs were cutj@n5
This study will serve as a fulcrum for future medicathickness using Jung rotary microtome (Model 42339, Berlin,
investigations regarding the respiratory system of the AfricdBermny). The sections were mounted on glass slides, dried,
Giant pouched rat. deparaffinized, stained, dehydrated, and coverslipped, using

DPX as the mounting medium.

MATERIAL AND METHOD Histomorphological Features Conductive airway from three
samples was sectioned in sagittal and coronal planes for
histomorphology. Specifically, three regions of each trachea

Experimental Animals and ManagementSeven clinically were processed. These were; the trachea rings just caudal to

healthy African Giant pouched rats with an average weighdrynx, mid-tracheal rings and tracheal carina. One section of

of 1.07 Kg, were utilized for this study. The animals wereach principal bronchus was used. These tissues were stained

captured live from the wild in Kaduna State, Nigeria. Locallyvith Haematoxylin and eosin (H/E), Alcian blue (AB) at a

made traps, constructed into a cages with adequate ventilagudh of 2.5 and Periodic Acid-Schiff (PAS). H/E was used to

and measuring 1.0 m x 0.8 m x 0.8 m were used. The raksscribe the normal architecture of the conductive airway
were transported by road to the animal pen in the Departmaevtiile Alcian blue and PAS were adopted to differentiate
of Veterinary Anatomy, Ahmadu Bello University Zaria,between neutral and acidic glycoprotein and polysaccharides.
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Lung tissues from the same three samples weRespiratory epithelium was composed of pseudostratified
utilized to study the normal histological features of the lungsiliated columnar cells on a basal lamina which contained
Sagittal and coronal sections of the lungs were stained witie basal cells. Below the basal lamina was the lamina propria
the conventional H/E. They were also stained with PAS tontaining the trachealis muscle which was closely attached
demonstrate the presence of neutral polysaccharides amthe external surface of the cartilaginous rings and separated
glycoproteins and with AB at a pH of 2.5 to demonstrate thhe cartilages from the epithelial layer (Fig. 2). The left and
presence of acidic mucosubstance. right principal bronchi were lined, each with a layer of

columnar ciliated epithelial cells. Below the epithelium was
Regional Distribution of Mucous Glands in the a layer of smooth muscle cells. Several short lobar bronchi
Conductive Airway. Trachea and principal bronchi of four branched off from the main bronchi. They consisted of
samples sectioned in the saggital plane and stained with A&Bboidal epithelium and a layer of one or two smooth muscle
and PAS were used to determine the regional distribution ©élls and opened into segmental bronchi and respiratory
tracheal mucous gland. The rostrocaudal extent of ealblonchioles (Fig. 3). The respiratory bronchioles continued
trachea was cut into three parts with a scalpel blade aaslalveolar ducts. The alveolar ducts opened into numerous
assigned a serial numeric label. Sagittal sections weabveolar sacs (Fig. 3). At a higher magnification (insert in
obtained by trimming each of these three parts. TheB&g. 3), the respiratory epithelium of the alveoli was
sections were then stained and studied on a laptop computieserved. This included simple squamous epithelial cells
screen with the aid of a digital eyepiece (Scopetek@terspaced by simple cuboidal cells. The former were the
DCM500, Resolution: 5M pixels) attached to a lighfType | pneumocytes while the latter were the Type Il
microscope (OLYMPUS® — XSZ107BN, Hamburg,pneumocytes.
Germany). The regions of the tracheal epithelium occupied
by glands were traced from the image on the screen. Each  According to Wilsonet al. (1983), acidic
slide was shifted to display the adjoining region of sectiomucosubstances and polysaccharides stain blue with the AB
on the screen, and again the epithelial gland profiles westain at a pH of 2.5 while the neutral mucosubstances and
observed. This process was repeated until the entire lengtilysaccharides stain red with the PAS stain. In utilizing
of section on the slide was studied. This was repeated fbis principle, we realized that some trachea cartilaginous
each of the four slides representing one trachea. By this, timas stained blue with AB while most glandular cells stained
distribution of tracheal mucous gland along the rostrocaudad with PAS.
extent and in the ventral and dorsal aspects of the entire
tracheal length was studied.

Histomorphometric Analysis. Histological measurements > ~ehi
were restricted to the respiratory portion of the lungs. This '!‘l '+
included the average diameter of 18 respiratory bronchiolc;% « ?\Q;',
20 alveoli ducts and 64 alveoli. The diameters of the aboye; ;.‘: -

structures in a lung section were obtained using a calibraf@g ="
ocular micrometer (Leitz Wetzlar, Germany) and stage
micrometer (Graticules Ltd., London). A magnification facFig. 1. Saggital section of the proximal trachea of the African Giant
tor of 0.37um was obtained for the x 40 objective lens op(_)uched rat, illustrating A: Epithelial ce_lls. _B: Membranous part
the light microscope (OLYMPUS® — XSZ107BN, Hamburg,W'th numerous mucous glands. C: Cartilaginous part. H/E X 100
Germany). This objective lens and the ocular micrometer
(Leitz Wetzlar, Germany) were used for the
histomorphometry. The respiratory bronchioles and alveoli==
ducts were defined by the fact that the former does not give~~
off alveolar sacs unlike the latter. =i

RESULTS

Histomorphological Features.Histologically, the trachea Fig. 2. Saggital section of the proximal trachea of the African Giant
of the African Giant pouched rat was clearly divided intpouched rat, illustrating A: Respiratory epithelium. B: Trachealis
the membranous and cartilaginous portions (Fig. lipuscle. C: Cartilage. PAS X 400
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b SR PR Y A
B <hs, O ST T il One of the major functions of tracheal and bronchial
=4 W epithelium is mucociliary clearance of inhaled harmful
particles. This important lung-protective function depends
both on the availability and subsequent efficiency of mucosal
glands, and cihry actions. Choi et al. recorded a linear
relationship between tracheal diameter and number of mucous
glands in mammals and concluded that increased size of
conductive airway (marked by increased tracheal diameter)
results to an increased inflow velocity of inspired air which
culminates in an increased rate of foreign body deposition.
Since the mucus produced by the glands are involved in
trapping inhaled foreign bodies which are subsequently
expelled by mucociliary escalator (Thornton & Sheehan),
animals with higher tracheal diameter have more mucous
glands than those with smaller diameter because of the higher
tendency of foreign body deposition. kteal (2011) recorded
% % atracheal diameter of 5.44 me @.03) with an average of
=532 mm in the rostral trachea in the African Giant pouched
Fig.l3. Corqnal section of I.ung tissue of the African Giant pouch%t. In the present study, tracheal mucous glands were
rat, illustrating the branching pattern from segmental bronchus ;@edominant in the rostral trachea. This agrees with the li-

the alveoli spaces. A: lobar bronchus. B: Segmental bronchus. - . .
Respiratory bronchiole. D: Alveoli duct. E: Alveoli spaces. ghear relationship reported by Cboal Widdicombeet al.

Pulmonary artery. H/E X 100. Insert shows Type | (i) and Type gid not record any tracheal gland in mice and attributed this
(i) pneumocytes at X 400. to their small tracheal diameter of approximately 1 mm. They

observed tracheal glands in other rodents such as hamster, rat

and guinea pig with wider tracheal diameter of approximately
Regional Distribution of Tracheal Mucous Gland There 1.5 mm, 2.5 mm and 2.5 mm respectively.
was no significant difference in the regional distribution of
mucous glands between the African Giant pouched rats. In ~ The present study recorded more mucous glands on
the sagittal sections, mucous glands were predominanttiie rostral than caudal portion of the trachea, on the dorsal
the rostral trachea than the caudal trachea. The carina wlaan the ventral surface of the trachea, and on the
free of mucous glands. The glands were predominant in theembranous but not cartilaginous portion of the trachea in
membranous portion, between the cartilaginous rings (Figne African Giant pouched rat. This is similar to what was
1). The cartilages were devoid of glands. They were morecorded for the laboratory rat by Hayastal (1979) Spicer
glands on the ventral surface compared to the dorsal surfatel,; Ohtsukeet al.(1997), Chogt al and Widdicombet
of the trachea. al. Similarly, Kennedyet al and Reznik reported that

mucous glands were primarily in the rostral portion of the
Histomorphometric AssessmentThe result of the avera- trachea of hamsters, near the larynx. Conversely, €&hoi
ge diameters of the segmental bronchi, respiratoa}. reported absence of mucous gland in the entire trachea
bronchioles and alveoli spaces were represented in Tablepithelium of the rabbit and presence of mucous glands only
with the number of counted structures in parentheses. Taiethe border between the trachea and larynx in the mouse.
average length of the 5 segmental bronchi was 381428 This is not similar to what was obtained in the present study
(x 0.890) with a range of 36.26n to 40.7Qum. for the African giant pouched rat.

Table I. Sizes of airway structures in the African Giant pouched rat.

Structure Minimum diameter (um) Maximum diameter (pum) Mean diameter (um) (+ SEM)
Respiratory bronchioles (18) 21.40 27.76 24.93(x1.27)
Alveolar ducts (20) 18.51 25.40 21.14 (x 0.66)
Alveoli (64) 11.48 16.29 12.95(+ 0.21)
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The tracheal epithelium recorded in the present stuthss efficient when compared to that of other smaller rodents.
is similar to that of other rodents as reported by Reznikhe works of Lindstedt (1984) and Valerius have also
However, Kennedyet al. stated that the respiratory supported this negative correlation between body weight and
epithelium in the Syrian golden hamster ranged from ciliatesiize of respiratory organs. The effect of the poorly developed
pseudostratified columnar to low columnar epithelium withespiratory system to the habitat and life style of the African
goblet cells. This is not similar to the result of the presegiant pouched rat has been discussed.
study in which respiratory epithelium in saggital sections of
the trachea revealed a consistent pattern of pseudostratified
ciliated columnar cells. CONCLUSION

Kennedyet al. recorded an average alveoli diameter

of 0.06 mm, equivalent to §im in the adult golden Syrian In the present study, histological features of the lower
hamster. They also recorded an average diameter @it 30 respiratory system in the African Giant pouched rat were
and 16Qum for the alveolar duct and respiratory bronchiolegybserved in detail. In results of the examination, it was
respectively. These values are very high, compared to theggested that the lower respiratory system in the African
values we obtained in the African Giant pouched rats. Tl&ant pouched rat was almost similar to that of the hamster
Syrian Golden hamster is smaller in size than the Africaand some other rodents except for the smaller sizes of the
Giant pouched rat. They have an average bodyweight of 12%eoli, alveolar ducts and respiratory bronchi, when
g (Kennedyet al) as against the 1065 g recorded in theompared to those of the Syrian golden hamster. Thus, the
African Giant pouched rat. This finding supports the initialower respiratory system in the African Giant pouched rat
report of Ibeet al.(2011) that the respiratory system of theean be used as a model of the rodent respiratory system
African Giant pouched rat is not well developed and thukjstology in phylogenetic studies.

IBE, C. S.; ONYEANUSI, B. |.; SALAMI, S. O. & NZALAK, J. O. Anatomia microscopica del sistema respiratorio inferior de la rata
gigante africanaGricetomys gambianu$yaterhouse 1840)int. J. Morphol., 29(1)27-33, 2011.

RESUMEN: Se realiz6 un estudio cualitativo y cuantitativo, mediante microscopia de luz, en el sistema respiratorio inferior de
la rata gigante Africana. La trAquea, los bronquios y los pulmones fueron tefiidos con hematoxilina y eosina, azul AdeigSaypH
acido periddico de Schiff. Tres tipos de células fueron identificadas en las secciones sagitales de la traquea: c&ylzassailesia
mucosas. Las fibras del musculo traqueal en la propia laminar separados los cartilagos subyacente de las células dlaksdes. las c
mucosas son visibles sélo en la porcibn membranosa de la traquea y predominan en la parte rostral de la porcion Gayudzd deoks tr
bronquios lobares consistian en epitelio cubico y una capa de una o dos células de musculo liso y abierto en los bamgui@ey br
segmentarios respiratorias. Algunos bordes azules cartilaginoso traqueal manchada con AB, mientras que la mayoria sle las célula
glandulares tefiido de rojo con PAS. El diametro de los bronquiolos respiratorios, conductos alveolares y los alvéolg83uarn 24
1,27), 21,14 m# 0,66) y 12,95 m# 0,21), respectivamente. Estos y otros resultados se compararon con el informe similar en otros
roedores.

PALABRAS CLAVE: Rata gigante africana; Sistema respiratorio inferior; Histologia.
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