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Introduction The conducting airways offer a unique 

mucociliary barrier that conditions the inspired air and 

protects the airways from the first line of defence against 

particulates and pathogens (1). Irrespective of the cause 

of the airway disease, epithelial junctions, ciliary 

function, and secretory balance (goblet cells/submucosal 

glands) dysregulation disruption of dysregulated repair 

injury interface modulation emphasize how modern 

reviews (2). Developmental and morphogenetic programs 

find the scale aspect of the hallmark architecture 

characteristic of the trachea (C-shaped, ventrolaterally 

positioned hyaline cartilage rings with a dorsal trachealis 

band) that s, with dysregulated repair, form the hallmark 

architecture of the Scale (3-5). The respiratory epithelium 

has the capacity to differentiate between viral and non-

viral aggressors and to orchestrate downstream responses 

that drive the development of airway disease; the 

weakened epithelial interferon action exponentially 

enhances risk of exacerbations and continues to drive the 

inflammation cycle (1,6,7). Goblet-cell activity is 

influenced by cholinergic and cytokine signals, and 

muscarinic antagonists can secondarily reduce mucus 

hypersecretion (1,8). In our jerboa trachea, 

histomorphology illustrates, epithelial-immune-

mechanical integration, the pseudostratified ciliated 

epithelium with poorly developed goblet cells. That 

covers a thin lamina propria with dispersed lymphoid 

cells, while the hyaline cartilage rings and the dorsal 
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Abstract The Euphrates jerboa, Allactaga euphratica, is a rodent which has 

adapted to life in a desert, and whose respiratory system is specialized to resist with 

dusty and inhospitable surroundings. This research sought to elaborate the anatomy, 

histomorphology, and histochemistry of the jerboa's trachea and bronchial tree 

through gross dissection and examination, resin casting, and routine histological 

staining. In total, fifteen adult male jerboas were separated into equal groups of 

anatomy, casting, and histology. In anatomical terms, the jerboa's trachea was a short, 

flexible tube with an average length of 0.7 ± 0.32 cm and was comprised of eight 

cartilaginous rings shaped like the letter ‘C’. The right primary bronchus was more 

branched than the left one, with the right forming a cranial, caudal, and accessory 

bronchus, and the left bronchus branching into three major branches. The resin 

casting gross and illustrated this asymmetry and the bronchial pattern which was 

efficient and presumably enhances the ventilation. Histology of the trachea illustrated 

four layers in the wall: the mucosa, submucosa, cartilage, and adventitia. 

Pseudostratified ciliated columnar epithelium with intermixed goblet cells covering 

a vascular lamina propria lined the tracheal mucosa; the submucosa had seromucous 

glands and connetive tissue. The perichondrium of the tracheal rings was composed 

of hyaline cartilage. They were separated dorsally and completed by the trachealis 

smooth muscle and elastic fibers. Lymphocytes and macrophages were diffuse in the 

lamina propria–submucosa indicating the presence of mucosal immune surveillance. 

The results obtained probably indicate extensive adaptation of the Euphrates jerboa 

to the desert, respiratory adaptations such as having a shortened airway, a mucus-

covered epithelium, and asymmetrical bronchi to an extent where gas exchange is 

mucus protected and gas environmental particulates. The overall lower respiratory 

system, exemplifies evolution desert evolution.  
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trachealis maintain the patency and compliance of the 

lumen to trachea (7).Recent non-model mammal 

accounts confirm classic features of the respiratory 

system—pseudostratified ciliated epithelium, rings 

incomplete in the dorsal region, asymmetric right–left 

bronchial system—while describing lobe structure and 

gland distribution that are species- and ecology-

dependent (9, 10). According to this, a detailed 

histomorphological study of the jerboa trachea and 

bronchi can reveal adaptations to dry climates (e.g. mucus 

economy, ciliary density, gland abundance) and set 

standards for both comparative anatomy and applied 

airway engineering.  

Materials and Methods 

Ethical approval  
The project was approved (   2257 in 2/9/2024 ) by the 
Committee for Research Ethics at the College of 
Veterinary Medicine, University of AL-Qadissiyah, Iraq. 
Experimental Animals 

We collected 15 healthy adult male Euphrates jerboas 

(Allactaga euphratica), clinically normal and without 

respiratory disorders, during the summer season in 

Diwaniya Province, Iraq. The animals were kept in a 

temperature-controlled laboratory (22–25 °C, 12 h 

light/dark cycle) and were provided with ad libitum food 

and water prior to euthanasia. All procedures pertaining 

to the animals were in compliance with the established 

humane protocols issued by the College of Veterinary 

Medicine of the University of Al-Qadisiyah. Animals 

stayed for 14 days before scarification. 

Experimental Design 

In order to study different analytical approaches, the 

animals were randomly separated into 3 equal groups (n 

= 5 per group): 

Group I 

Anatomical study of the trachea and lungs. 

Group II 

Bronchial tree casting for visualization of the bronchial 

branching pattern. 

Group III 

Histological and histochemical evaluations of the 

trachea and primary bronchi. 

Anatomical Examination 

Each animal underwent anesthesia, according to ethical 

protocols of the laboratory. The ventral cervical as well 

as thoracic compartments were methodically opened to 

reveal the trachea, lungs, and subordinate thoracic organs 

and systems while preventing injury to the overlying 

structures. Topographic position of the trachea was 

recorded in position, prior to specimen collection. 

The trachea was carefully removed from the cricoid 

cartilage to the point of bifurcation at the level of the 

fourth thoracic vertebra. Morphometric parameters 

recorded included total tracheal length (mm), 

dorsoventral and laterolateral diameter (mm), as well as 

the total number of bronchi. The body and trachea were 

weighed on a precision analytical balance (Sartorius 1212 

MP, Germany) and the data expressed as mean ± standard 

error.  

Corrosion Cast Technique of the Bronchial Tree 

Five adult jerboas were placed in Group II made to do the 

selected for the preparation of the resin cast, in order to 

study the pattern of the branches bronchi. After the 

animals were processed, the larynx, trachea, and lungs 

were very carefully separated as a block with the covering 

connective tissue, to prevent casting material from 

leaking. 

The four-mm cannula was inserted through the larynx and 

tied with surgical stitching. The Pyrax Rapid Repair 

acrylic resin (Pyrax Pollars, Roorkee, India) was prepared 

per the manufacturer’s guidelines to achieve the 

recommended working viscosity. The resin was then 

placed at a steady rate and using a 20mL syringe and in 

1.0, 1.25, 1.5, 1.75, and 2.0mL aliquots with light manual 

pressure. The cannula was gently clamped with forceps 

so that the cannula would not reflux after the resin was 

applied.   

Specimens were immersed in the medium, which was 

allowed to cure overnight at 25-30 degrees C. They were 

then transferred to 40% KOH at room temperature (20 

degrees C/warm room) for tissue maceration for 4-5 days 

(changing the solution every day). The remnants of casts 

were then rinsed for 60 min under running tap water, 

blotted, and air dried on absorbent paper until casts 

became rigid and subsequently, they were 

stereomicroscopically examined (7-80×) in oblique and 

ring-light illumination for enhanced relief imaging. A 

scale bar was added later on during post-processing using 

a staging micrometer. Using the stereomicroscope, the 

bronchial orientation is tracheobronchial in multi-view 

(with scale bars, bronchial and segment lengths, 

branching diameters, branching order and angles, etc.) 

and the measurements were done in ImageJ/Fiji. 3D focus 

stacking was performed when the depth of field required 

was more than available. 

Histological and Histochemical Study   

Five jerboas (Group III) were processed for trachea and 

bronchial specimens. Upon completion of the sample 

collection, tissues from the cranial, middle and caudal 

located regions of the trachea and also from the left and 

right principal bronchi were obtained. The samples were 

preserved for 48 hours in 10 percent neutral buffered 

formalin at 1:10 (tissue to fixative) ratio.  The samples 

were left in running tap water for 4-6 hours, and afterward 

underwent the standard graded ethanol dilutions. 

Dewaxing in xylene was followed by embedding in 
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paraffin wax. 5µm thick sections were obtained from the 

paraffin blocks with a rotary microtome and were placed 

onto glass slides. General histological structure was 

prepared for using routine staining with hematoxylin and 

eosin (H&E), and then by the Periodic Acid- Schiff (PAS) 

reaction to study the presence of neutral 

mucopolysaccharides in goblet cells and glands. An 

Olympus light microscope (BX-series, Japan) fitted with 

a digital camera was used for microscope imaging and 

observation.   

Statistical analysis   

Morphometric results were subjected to a two-way 

analysis of variance (ANOVA) in order to determine the 

change in the assessed parameters. Data are given as 

mean ± standard error, and results were deemed 

significant at P ≤ 0.05. 

Results 

Topography and Gross Morphology of the Trachea. 

The trachea of the Euphrates Jerboa starts from the larynx 

at the level of the cricoid cartilage, descends the neck 

ventral to the esophagus, and enters the thorax where it 

divides to the right and left bronchi at the level of the 4th 

thoracic vertebra (figure 1–2). The right and left bronchi 

are the primary bronchi. As the trachea descends, it 

maintains a series of open dorsal C-shaped rings of 

cartilage, the dorsal gap of each of these rings being 

closed by the trachealis muscle and the fibroelastic 

membrane. The fibroelastic rings join adjacent cartilage 

and these structures permit the trachea to stretch and 

allow for minor diameter reductions during inspiratory 

and swallow cycles, permitting gas exchange and 

ventilation. 

 

 
 
Figure 1: Euphrates jerboa tracheal rings. The dorsal 

view shows the dorsal margin ring hyaline cartilage rings 

strung together with tracheal muscle. This construction 

maintains the airway’s ease of access while still allowing 

free movement of the head. 

 
 

Figure 2: Trachea and lungs within the thoracic cavity. 

The image shows the larynx, trachea, and laryngeal 

bifurcation into the right and left bronchi. The right and 

left lungs’ lobes and their relations with the heart and 

diaphragm are also displayed. Arrows: Blue: Cranial 

(cervical) trachea, Green: Mid-trachea (thoracic), C-

shaped rings visible, Yellow: Distal trachea just proximal 

to the carina, Red: Right primary (main) bronchus, White: 

Left primary (main) bronchus. The jerboa trachea 

measured 7.0 ± 3.2 mm in length (mean ± SD, n = X; 

range Y–Z mm) and contained 8 (7–9) cartilage rings. 

The outer cartilage diameter averaged 5.0 ± 0.6 mm 

(range A–B mm). No difference in tracheal length was 

detected between males and females (t-test, t = …, P = 

0.27). Throughout the cervical and thoracic regions, the 

diameter of the trachea is almost uniform, only narrowing 

slightly toward the carina. The lungs visually and 

constitutionally differ in both shape and volume; the right 

lung has four lobes (cranial, middle, caudal, and 

accessory) while the left lung has two lobes (cranial and 

caudal) (Fig. 3–5). 
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Figure 3: Lobules of lungs. The right lung possesses 

cranial, caudal, and accessory lobes, while the left lung 

has two principal lobes. This asymmetry is a consequence 

of the organization of the thoracic cavity. 

 

 
 

Figure 4: The Ventral view of the lungs in relation to the 

thoracic organs. This illustration shows the lungs in 

relation to the heart, liver, and diaphragm. The clear 

separation of the lobes indicates the structural 

organization in the thoracic cavity. Blue arrow: the 
diaphragm (right costal/ventral margin) 
 

 
 

Figure 5:  The costal view of the lungs and the trachea. 

The trachea is seen branching off into the right and left 

bronchi which then enter their respective lobes. The 

drastic difference in right and left sides of the lung is a 

notable example of asymmetry.  
Corrosion Cast Findings of the Bronchial Tree   

The bronchial tree produced from resin casting showed 

clear divisions of the tracheobronchial system (Fig. 6, 

Fig. 7). At the level of the fourth thoracic vertebra, the 

trachea bifurcated into the left and right main bronchi.   

 

 
 

Figure 6:  A resin cast of the bronchial tree of the 

Euphrates jerboa. This illustrates the trachea bifurcating 

into right and left principal bronchi plus primary, 

secondary, and accessory branches. The branching 

pattern reveals ordered air allocation to the lung lobe. 
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Figure 7: Cast of the bronchial and bronchiolar tree, 

bronchi showed in red and segmental in blue. This figure 

delineates the level from the trachea through the terminal 

bronchi and alveolar zones. Directional primary, 

secondary, and tertiary bronchi in the figure are shown 

with colored coded arrows.   

The right main bronchus has been noted to arise from the 

trachea. Apart from the rest, it is also slightly wider and 

longer. The right bronchus gives rise to three primary 

bronchi: cranial, caudal, and accessory. The bronchi 

forming the dense network of bronchioles leading to the 

alveolar region are known as the caudal and cranial 

tertiary bronchi, while the accessory bronchus is aimed 

for the accessory lobe of the right lung. 

The left principle bronchus was also more deficient than 

the right in length and also in diameter. It gave rise to 

three primary bronchi, each of which branched into 

several secondaries and tertiaries which then ended in 

terminal bronchioles and alveoli. The left lung also had 

bronchi which were more terminal than those on the right, 

the overall elaboration of the bronchial tree in the left 

lung was less complex than on the right.   

Histological Structure of the Trachea   

The examination of the tissue under a microscope showed 

that the wall of the trachea was made of four layers: the 

mucosa and the submucosa, and the cartilage, which 

includes the layer of muscle, and the layer of adventitia 

(fig. 8–10). 

 
 

Figure 8: Histological section of the trachea, H&E, ×4. 

This section shows the pseudostratified ciliated columnar 

epithelium, submucosa, cartilage ring, and adjacent 

connective tissue, which comprise the tracheal wall, PSC, 

and the basic construct of the tracheal wall.   

 
 

Figure 9: Section of the trachea shown under higher 

magnification, H&E, ×100. Visible in the lamina propria 

and submucosa are the ciliated epithelial cells and goblet 

cells. The mucosa structure allows for efficient 

mucociliary transport due to the mucosa supportive 

structures. 
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Figure 10: Tracheal cartilage and the adventitial layer, 

H&E, ×40. The hyaline cartilage which contains 

chondrocytes in lacunae is encircled by the 

perichondrium. The perichondrium is connected to the 

trachea via connective tissue and blood vessels due to the 

adventitia’s anchoring position. Arrows: Yellow: 

Perichondrium (fibrous layer) over the cartilage, Black: 

Chondrocyte within a lacuna in hyaline cartilage, Red: 

Submucosa with seromucous gland acini/ducts. Tunica 

mucosa: The inner mucosal surface was lined with 

pseudostratified ciliated columnar epithelium and with 

three cell types—ciliated columnar cells, goblet, and 

basal cells. The ciliated cells were tall and slender with 

numerous motile cilia in the lumen. Goblet cells were 

numerous and contained mucin granules positively 

stained with PAS stain which meant neutral 

mucopolysaccharides were present (Fig. 11). Basal cells 

were small, triangular, and resting on the basement 

membrane and did not reach the lumen surface. The 

lamina propria was made of loose connective tissue 

composed of fine collagen fibers, small blood vessels, 

and some immune cells which included lymphocytes and 

macrophages.  

 
 

Figure 11: Tracheal section PAS stained to demonstrate 

goblet cells, ×400. There are goblet cells filled with 

magenta stained mucin situated amongst ciliated 

columnar cells. The PAS reaction illustrates secretion of 

neutral mucopolysaccharides, which airway epithelium 

uses for protective function. Arrows: Yellow: Hyaline 

cartilage of the tracheal ring (chondrocytes in lacunae). 

Blue: Respiratory epithelium—pseudostratified ciliated 

columnar; the cell indicated is a goblet cell in the mucosa. 

 
 

Figure 12: Histological section of a bronchus. (×4. HE). 

The bronchial wall consists of a pseudostratified ciliated 

columnar epithelium, submucosal connective tissue with 

mucus glands, and broken pieces of cartilage. These 

elements show a progressive changes from trachea to 

bronchus anatomy. Red arrows: Hyaline cartilage rings 

(C-shaped). Blue arrow: Trachealis smooth muscle 

spanning the dorsal gap between ring ends. Yellow arrow: 

Lamina propria / inner perichondrium (fibroelastic tissue 

between mucosa and cartilage). Black star: Adjacent 

esophageal wall/soft tissue dorsal to the 

trachea.Cartilaginous layer: The rings of the trachea were 

constructed from the cells of hyaline cartilage having 

chondrocytes enclosed in lacunae surrounded by 

amorphous extracellular matrix. The perichondrium 

containing fibroblasts and elastic fibers bordering the 

cartilage ring and merging with the submucosa and 

adventitia.Tunica adventitia: The innermost layer was 

constructed of loose connective tissue with blood vessels 

and tiny nerves that served to anchor the trachea to the 

surrounding structures. The bronchus internal structure 

was composed of a primary bronchi and secondary 

bronchi. The internal structure of tendency for structural 

modifications to occur. The bronchi remained lined with 

primary bronchi and secondary bronchi. The bronchus 

with the densest vascularization was the very first and 

served as a primary bronchi. Its internal structure had the 

most developed epithelial lining and a pseudostratified 

ciliated columnar gastro- bronchial. The submucous was 
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chemical-neutral brown. Great tubules on the side of the 

porous of the waxy, brown, cream and magenta tissue. 

The hilum of the left lung served for the bronchial roots 

and bronchus emerging in the lung. Fine collaterals made 

of dense connective tissue served for the bronchus to 

hilum of the left lung. The decrease in bronchi submucosa 

and fibrous bronchi to bronchioles was symmetric with 

less profusion of mucus. The mechanic increased the 

force and speed. 

Discussion 

In this study, the Euphrates jerboa has a trachea 

comprising about 8 C-shaped cartilaginous rings of 

comparatively uniform lumen diameter. This seems to be 

consistent with the Delaware basin of the Mamma region 

of the Euphrates (7), although differences in the number 

and completeness of rings are also quite common (11). 

For example, in ring number and cartilage thickness, the 

variations in the dorsal membrane of comparative 

airways are said to be the result of different respiratory 

and mechanical requirements (12, 13). This is consistent 

with other mammals in which the bronchus on the same 

side of the body as the bronchus bifurcates and serves 

several lobes (14). In large mammals and rodent species, 

this asymmetry is viewed as a result of the position of the 

thoracic organs and the differing volume requirements of 

the lobes (15). Our corrosion casts illustrate that 

euphratica possesses a right bronchus which branches 

into a singular, distinctly accessory bronchus. This is 

parallel to the accessory lobular bronchi of rodents and 

smaller mammals (16). This morphology may improve 

ventilation especially with preferential perfusion to larger 

lung lobes. This is greater than the comparative studies 

which describe consolidation of bronchial branches and 

the quanta of bronchial systems as a function of 

interspecies and bronchial system functional factors 

(12,17).  

To the sample histological examination, the airway 

submucosa of the jerboa exhibits a notable abundance of 

goblet cells, especially considering the relative scarcity of 

submucosal glands. In comparative airway models, the 

ratio of often differs among species and regions of the 

airway; animals inhabiting environments frequently 

enhance surface secretory cells (13,18). More recent 

mechanistic work in the airway of rodents and humans 

has documented ciliated and secretory cell distributions 

that are peculiar to the species and are strongly associated 

with the effectiveness of mucociliary clearance (19). In 

A. euphratica, the predominance of epithelial goblet 

secretion may be an adaptive compromise (20, 21). The 

reduction of cartilage in the terminal bronchioles is 

thought to be in response to the need for airway flexibility 

during dynamic ventilation, while still allowing for the 

maintenance of patency in the presence of negative 

pressures (21,22). The presence of a relatively thick 

connective adventitial layer provides support for the 

anchoring and blood supply, as noted in the airways of 

rodents and smaller mammals (12). 

The construction of airways in jerboas is matched, in 

form and function, to the needs of a desert environment, 

with a short and stable tracheal tube, asymmetric 

‘balanced’ ventilation, and a ‘defensive’ epithelium that 

spares water (9). Considered sequence modulations of 

epithelium and ciliation in different species, then, 

functionally adapted to respiratory rates and other eco-

physiological variables (19, 23).  

Conclusion 

To conclude, the tracheobronchial system of the 

Euphrates jerboa is fundamentally mammalian in design 

but reveals adaptive changes for life in the desert. The 

trachea is relatively short and consists of C-shaped 

hyaline cartilage rings joined by fibromuscular tissue, 

which provides rigidity and flexibility for breathing. The 

right bronchus is more branched than the left, which 

serves efficient ventilation of the bigger right lung lobes. 

The respiratory mucosa is histologically covered by a thin 

layer of the pseudostratified ciliated columnar epithelium 

and goblet cells with sparse submucosal glands. This 

suggests an efficient protective system which conserves 

water while maintaining airflow with mucociliary 

clearance. 
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