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 This study investigates postnatal renal tubules development in inbred indigenous rabbits 

(Oryctolagus cuniculus), examining histological, histochemical, morphometric, and 

immunohistochemical characteristics from birth to 40 days old. Fifty rabbits were 

categorized into five age groups based on postnatal days (PNDs) 1, 10, 15, 30, and 40. 

Kidneys were fixed, processed, and sectioned for hematoxylin and eosin and PAS-Alcian 

Blue staining, followed by microscopic examination. Immunohistochemical analysis used 

Anti-Lgr5 antibody to detect stem cells. Morphometric measurements were taken manually 

with an USB digital camera. The findings indicate that while renal tubules in one day aged 

rabbits had completed histogenesis through the embryonic life, they continued to develop 

until PND 40. A regular decrement in the epithelial height and lumen diameter of proximal 

and distal convoluted tubules (PCT and DCT) was observed, with PCT showing reductions 

of 2.3-fold and 2.1-fold, respectively, and DCT displaying a 3.5-fold decrease in lumen 

diameter and a 1.5-fold reduction in epithelial height. Intriguingly, Lgr5 expression, absent 

in PCT and DCT, was detected in interstitial tissues surrounding the LoH, with moderate 

expression at PND 1, gradually declining thereafter. These findings provide valuable 

insights into renal tubule maturation and lay a foundation for future research in renal 

development and regenerative medicine. 
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Introduction 

 

Renal development involves morphological formation 

and the attainment of functional capability, starting with 

embryonic nephron synthesis and continuing postnatally to 

reach adult levels (1,2). It involves complex interactions 

between the ureteric bud (UB) and metanephric mesenchyme 

(MM), where progenitor cells support UB branching and 

nephron differentiation (3). In rabbits, nephrogenesis 

completes within 2-3 weeks postnatally, with well-developed 

renal loops (4). By two months, the adult nephron structure 

is fully established (5). While postnatal renal development 

has been extensively studied in murine models, research on 

rabbits remains limited. Notably, no studies have 

immunohistochemically assessed renal stem cells using the 

anti-leucine-rich repeat-containing G protein-coupled 

receptor 5 (Lgr5) marker in renal tubules. This study is the 

first to provide a comprehensive analysis of postnatal renal 

tubule development in rabbits, integrating histological, 

histochemical, histo-morphometrical, and 

immunohistochemical (IHC) evaluations. Of importance, 

unlike other organs, kidneys exhibit limited regenerative 

capacity, except in cases of acute proximal tubule injury (6). 

In rabbits, the renal tubules exhibit distinct structural and 

functional features compared to other mammals. The 

proximal convoluted tubule (PCT) transitions gradually from 

S2 to S3, unlike the abrupt transition observed in rats and 

dogs (7). The brush border in the S3 segment varies across 
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species, being shorter in rabbits, taller in rats, and 

intermediate in humans (8). The loop of Henle (LoH) in 

rabbits is predominantly long 70%, whereas 30% are short, 

influencing urine concentration efficiency (9). Unlike highly 

urine-concentrating mammals such as rats and Psammomys, 

which have complex medullary vasculature, rabbits have 

simpler ascending and descending vasa recta (10,11). 

Differences in the collecting duct (CD) further highlight 

species variations; intercalated cells constitute 10-15% of the 

inner stripe of the outer medullary CD in rabbits, compared 

to 33% in rats, with none in the initial inner medullary CD 

(12). The isolation and identification of progenitor cells 

newly formed nephron using newly discovered markers 

could significantly advance our understanding of 

nephrogenesis, which is vital for the clinical managing of 

mature kidney diseases through regenerative medicine (13). 

Wnt signaling, particularly Wnt9b and Wnt4, is essential in 

regulating the activity of primary stem cells which contribute 

to the development of kidney (14,15). Lgr5, a direct Wnt-

target gene, is documented epithelial stem/progenitor cells 

marker in the organs with high Wnt-dependent regeneration. 

While absent in adult murine kidneys, Lgr5 is strongly 

expressed in neonatal kidneys in mice and rabbits (13,16), 

localized in S-shaped bodies and cells of cortex till postnatal 

day (PND) 7. Lgr5 marker used in experimental animals 

could be crucial for understanding nephron progenitor cell 

roles in kidney development and isolating human nephron 

stem cells for therapeutic purposes.  

Hence, this study aims to provide morphological and 

morphometric insights into development of rabbit renal 

tubules from PND 1 to PND 40. It evaluates the countenance 

levels and distribution of Lgr5 in the rabbit kidney as a 

marker for stem tubular cells, potentially donating to tissue 

repair, regeneration and renal histogenesis and offering a 

foundation for assessing upcoming regenerative therapies for 

kidney. 

 

Materials and methods 

 

Ethical approval 

All animal experiments were euthanized according 

ethical guidelines of the scientific committee in the 

University of Duhok, College of Veterinary Medicine (Ref. 

No. CVM201910UD; 1-10-2019).  

 

Sampling and study plan  

This cross-sectional study involved histological, 

histochemical, morphometrical, and IHC analyses. Sampling 

occurred from March 2021 to January 2022, using kidneys 

from inbred indigenous rabbits (Oryctolagus cuniculus) 

collected postnatally up to 40 days. The research was carried 

out at three locations: University of Duhok’s animal house, 

Vin Medical Laboratory, and RNA Research Laboratory. A 

total of six adult rabbits (five females and one male) were 

procured, clinically assessed, and bred in a controlled 

environment. After acclimatization, 50 rabbits, irrespective 

of sex, were allocated into five groups of ten kits each: Group 

1 consisted of 1-day-old suckling kits, Group 2 included 10-

day-old suckling kits, Group 3 comprised 15-day-old kits 

consuming both milk and solid food, Group 4 contained 30-

day-old weaned kits fed on green food, and Group 5 

encompassed 40-day-old post-weaned kits on a diet of solid 

and green food. 

 

Kidney preparation 

All animals were anesthetized through intramuscular 

injection of ketamine at a dosage 29.1 mg / kg and xylazine 

at 4.3 mg/kg. Subsequently, then euthanizing by intravenous 

dose of 600 mg of ketamine as described by Baneux (17). 

Following euthanasia, the kidneys were excised, thoroughly 

rinsed with normal saline, and 10% neutral buffer formalin 

was used as fixative for 24 to 48 hours at a pH of 7.2±0.5 

(18). 

 

Microscopic approaches and histological processing 

Following fixation in a 10% NBF, the tissues underwent 

routine histological processing, histological sections of 5 

micrometers were obtained using a rotary microtome. 

Various staining techniques, including hematoxylin and 

eosin (H&E) and Periodic Acid Schiff-Alcian Blue (PAS-

AB), were applied to analyze tissue structure and identify 

polysaccharides and mucins (19). The stained slides were 

subsequently examined under a light microscope (Olympus), 

with images captured for further analysis. Additionally, 

following slide preparation, various micro-morphometric 

characteristics of renal tubules were measured by using 

manual measurement procedure for all study groups with the 

aid of USB digital Omax camera 18.0 MP (A35180U3; 

USA). The image processing software utilized included 

built-in calibration and scale bar determination, which was 

automated using a stage micrometer via Omax camera 

software. The software provided a comprehensive set of 

dimensional measurement tools, enabling precise evaluation 

of both regular and irregular areas by outlining the target 

region with either a dotted or solid line. All measurements 

were recorded in Excel for subsequent statistical analysis to 

compare and correlate findings across ages. 

 

Immunohistochemical study 

The study utilized Anti-LGR5 antibody as the primary 

marker to detect and analyze multipotent stem cells in renal 

tubules, focusing on their density, distribution and 

expression across studied postnatal stages, using 3-

micrometer paraffin sections. The procedure was conducted 

in accordance with the manufacturer's protocol of staining kit 

(ImmunoCruz LSAB rabbit staining kit [catalog no. sc-

2051], Santa Cruz Biotechnology; and the primary antibody 

(Rabbit anti-human GPR49 kit [catalogue no. 170733], US 

Biological. 

 



Iraqi Journal of Veterinary Sciences, Vol. 39, Supplement I, 2025 (79-88) 

Proceedings of the 1st International Conference of Iraqi Veterinary Medicine Colleges (IICIVMC2025), University of Duhok 

81 
 

Statistical analyses 

The micro-morphometric characteristics and renal 

histomorphometric parameters of the subjects were 

expressed as mean and standard error. Differences in renal 

tubules across age groups were analyzed using one-way 

ANOVA, with post-hoc pairwise comparisons conducted 

using the Tukey test. A significance level was set at a P<0.05. 

JMP® Pro 14.3.0 was used to preform statistical 

calculations. 

 

Results 

 

Histo-morphometric and Micro-developmental changes 

of renal tubules 

Table 1 show a consistent decrement in the mean 

epithelial height and luminal diameter of proximal 

convoluted tubule PCT from PND 1 to PND 40, with 

reductions of about 2.1 2.3 folds respectively. In the same 

way, the distal convoluted tubule (DCT) demonstrated a 

decline in these parameters about 3.5 folds and 1.5 folds. 

PCT exhibited a smaller lumen diameter but the epithelial 

height was higher compared to DCT. At PND 40, the ratio of 

lumen-to-epithelial height of PCT’s was 1:2.8, indicating a 

narrower lumen and taller cells, while the DCT maintained a 

balanced ratio of 1:1, in contrast to 2.3:1 at PND 1. 

Additionally, developmental changes in renal tubules were 

highly significant between PND 1 and 40 for all parameters 

(p < 0.0001). However, several parameters showed no 

significant differences between specific postnatal days. For 

the PCT, lumen diameter and epithelial height changes were 

insignificant between PNDs 10-15, 15-30, and 30-40. The 

DCT lumen diameter showed no significant change between 

PNDs 15-30, while its epithelial height exhibited 

insignificant changes between PNDs 1-10, 10-15, and 30-40.

 

Table 1: Histo-morphometric parameters of renal tubules among groups of the study 

 

Renal tubules 
Groups 

One- day 10- days 15- days 30- days 40 -days P-value Pairwise Comparison 

PCT Lumen 

Diameter (µm) 
6.69±0.43 4.67±0.43 4.22±0.43 3.37±0.43 2.85±0.46 <0.0001 

G1 Vs G5 (p<0.0001) 

G1 Vs G4 (p<0.0001) 

G1 Vs G3 (p=0.0002) 

G1 Vs G2 (p=0.0019) 

G2 Vs G5 (p=0.0059) 

G3 V. G5 (p=0.0347) 

G2 Vs G4 (p=0.0386) 

PCT Epi. Height 

(µm) 
16.29±0.66 10.78±0.66 10.37±0.66 8.25±0.66 7.89±0.66 <0.0001 

G1 Vs G5 (p<0.0001) 

G1 Vs G4 (p<0.0001) 

G1 Vs G3 (p<0.0001) 

G1 Vs G2 (p<0.0001) 

G2 Vs G5 (p=0.0031) 

G2 Vs.G4 (p=0.0090) 

G3 Vs G5 (p=0.0103) 

G3 Vs G4 (p=0.0272) 

DCT Lumen 

Diameter (µm) 
19.60±0.78 14.29±0.78 10.75±0.78 9.18±0.78 5.55±0.78 <0.0001 

G1 Vs G5 (p<0.0001) 

G1 Vs G4 (p<0.0001) 

G1 Vs G3 (p<0.0001) 

G2 Vs G5 (p<0.0001) 

G1 Vs G2 (p<0.0001) 

G3 Vs G5 (p<0.0001) 

G2 Vs G4 (p<0.0001) 

G4 Vs G5 (p=0.0019) 

G2 Vs G3 (p=0.024) 

DCT Epi. Height 

(µm) 
8.41±0.28 8.08±0.28 7.46±0.28 6.39±0.28 5.69±0.28 <0.0001 

G1 Vs G5 (p<0.0001) 

G2 Vs G5 (p<0.0001) 

G1 Vs G4 (p<0.0001) 

G3 Vs G5 (p<0.0001) 

G2 Vs G4 (p=0.0001) 

G3 Vs G4 (p=0.0110) 

G1 Vs G3 (p=0.0219) 

PCT: Proximal Convoluted Tubules; DCT: Distal Convoluted Tubules; Epi.: Epithelium. 
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General histological changes of renal tubules 

Histological examination revealed a progressive growth 

of PCT in the inner, middle, and outer cortical zones during 

the postnatal periods. Microscopic investigation identified 

the tubules associated with glomeruli in the cortex. The PCT, 

the most coiled and longest segment of the renal tubules, 

creates from the renal corpuscles at urinary pole, occupying 

renal cortex with its convoluted structure. It is lined by 

truncated pyramidal acidophilic epithelium, with centrally 

located round to elliptical nuclei, while the DCT, 

characterized by a wider lumen and low cuboidal epithelium, 

lacks a brush border and shows less acidophilic 

characteristics than the PCT. The DCT lumen is wider than 

the PCT, and its wall is adjacent to afferent arteriole at 

vascular pole of the corpuscle (Figure 1). In rabbits aged 

between 30- and 40 days, the DCT displays unique 

morphological features at the macula densa, part of the 

juxtaglomerular apparatus (JGA) (Figure 2). 

 

 
 

Figure 1: Histological section of renal cortex at PND 40 

shows PCTs (black- arrow) which close to the glomerular 

urinary pole (black circle) and DCTs (red- arrow) (X400, 

H&E stain). 

 

 
 

Figure 2: Histological section of renal cortex at (A) PND 30, 

(B) PND 40 show DCTs (D) contact with glomerular root 

(G), macula densa (black -arrow) (X400, H&E stain). 

 

The PCT cells in PND-1 displayed acidophilic cytoplasm 

with vacuoles. Few developing PCTs were found in outer 

zone of cortex, whereas more of these tubules were 

progressively detected toward the inner cortical zone (Figure 

3A). The PCT and DCT at PND-10 showed progressive 

developmental changes, with slightly vacuolated and 

acidophilic cytoplasm of PCTs in the outer cortex. Notably, 

loose connective tissue with blood vessels surrounded PCTs 

(Figure 3B). Further nephron maturation was observed at 

PND-15, with increased acidophilic density in PCTs and 

sporadic vacuoles, while inner cortical tubules exhibited 

more advanced morphology than outer cortical ones (Figure 

3C and D). At PND 30, the eosinophilic areas around PCT 

cells were distributed evenly, with occasional vacuoles and 

nearby blood capillaries (Figure 4A). By PND 40, the PCT 

showed distinct differentiation with deeply acidophilic 

cytoplasm, while the arrangement of blood vessels and 

vacuoles remained consistent with PND 30 findings (Figure 

4B).  

 

 
 

Figure 3: A- Histological section of renal cortex at PND one 

showing vacuolated cells with acidophilic cytoplasm of 

PCTs (PCT) (black-arrow) (X400, H&E stain). B- PND 10 

shows less vacuolation with more acidophilic cytoplasm 

(red-arrow) in the PCTs (P). connective tissue was detected 

near PCTs (black-arrow); DCTs(D). C and D- sections of 

cortex at PND 15 shown that the PCTs (red-arrow) displayed 

a dark pink staining, while the DCTs (black arrow) displayed 

a lighter staining. Cortical tubules (black-arrows) (B,C: 

X400, D: X100 H&E stain). 

 

The LoH, penetrate renal medulla to form descending 

(thin) limb across outer to inner zone of medulla, followed 

by an ascending (thin) limb that continue as thick limb which 

lined by one layer of cuboidal epithelium and ovoid nuclei. 

Histologic examination shows all thin segments lined by 

simple squamous type of epithelium with bulging nuclei that 

narrowing the tubule lumen. The medulla's outer region 

contains a straight proximal tubule segment, while the inner 

zone of medulla is composed of the thin as well as thick 

limbs of Henle's loop and collecting ducts (Figure 5). 
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Figure 4: A-Histological section of renal cortex at PND 30 

presented the homogenous distribution of acidophilic area in 

the cytoplasm of PCTs (P) with a small number of vacuoles 

(red-arrow). DCTs (D) and blood capillary (black-arrow) 

have been shown. B-The microphotograph of the renal 

cortex section at PND 40 depicts PCTs (red-arrow) 

characterized by its homogeneous cytoplasm. With few 

vacuoles (black arrow) were still present (A,B X400, H&E 

stain). 

 

 
 

Figure 5: A-Histological section of kidney medulla at PND 

40 displays (A) the outermost zone of medulla contains 

straight parts of proximal tubules (red chevron-arrow). It 

shows the CD (five-point star) and the thin segment of LoH 

(black arrow). B-The inner part of developed renal medulla 

comprises scanty connective tissue and tubules segments. 

Collecting ducts (five-point star) intermingled among thick 

and thin limbs of LoH (red, and black-arrows respectively). 

C-The inner zone of medulla shows thin segment of LoH 

(black arrow) as well as CDs (five-point star) (X400 H&E 

stain). 

 

At PND 1, outer medulla appeared disorganized, 

comprising compact primitive tubule bundles with large 

lumens. this region contains vacuolated CDs, lined with tall 

cuboidal cells, immersed in loose interstitial and 

mesenchymal tissue. The inner medulla, however, contained 

dense clusters of collecting ducts and LoH segments with 

negligible connective tissue (Figure 6A and 6B). By PND 10, 

the outer medulla exhibited increased organization, 

enhanced tubule prominence, and elongation, with reduced 

interstitial tissue and a discernible increase in LoH numbers. 

Straight segment of proximal tubules and CDs turn out to be 

clearer, while the inner zone of medulla remained primarily 

composed of LoH and CDs with limited stroma (Figure 6C 

and 6D). 

 

 
 

Figure 6: A- The microphotograph of kidney cortex (C) and 

the outermost medulla (OM) at PND one. Show disorganized 

outer piece of the primitive medulla which constitute of 

primitive tubules (black-arrow), medullary rays (red-arrow). 

B- High magnification of inner zone of medulla of figure-A 

show some vacuolated cells in the branched CD (black 

arrows); thin-limb of LoH (T). C- The microphotographs of 

the kidney sections at PND 10 show (A) the well-defined 

demarcation between the outer medulla (OM) and inner 

medulla (IM) (double-headed arrow). D- Show straight 

segments of proximal tubules (P) and CDs (CD) can be 

observed with clear medullary ray (MR) (A,C X100, B & D: 

X400 H&E stain). 

 

At PND-15, tubular differentiation between the outer and 

inner zones of medulla became more noticeable by an 

acidophilic zone. Tubules, medullary rays and CDs extended 

toward the cortical and subcortical zones and connective 

tissue observed among them. The outer medulla contained 

thick and thin segments of the LoH and CD, with cuboidal 

cells displaying variable staining and vacuoles. The thick 

segments of the LoH were immature and difficult to 

distinguish from CDs. The inner zone of medulla in the same 

way contained collecting ducts a thick and thin LoH (Figure 

7).  

At PND-30, the medullary thickness increased 

significantly, giving the kidneys a mature morphology with 

a distinct separation between inner and outer zones of 

medulla. The outer area of medulla exhibited defined inner 

and outer bands, along with prominent maturation in 
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collecting ducts as well as segments of LoH. By day 40, the 

kidneys appeared morphologically mature, with denser 

medulla containing more tubules collecting ducts and 

elongated loops. The LoH's thin and thick portions were 

well-differentiated, surrounded by vasa recta capillaries. The 

thick descending LoH resembled the PCT in the cortex, 

while the thick ascending LoH resembled the DCT (Figure 

8). CDs were divided into cortical, lined by simple cuboidal 

epithelium, and medullary types, lined by high cuboidal 

epithelium. 

 

 
 

Figure 7: The microphotographs of kidney sections at PND 

15 show: A- the distinction between the inner and outer 

medulla was more obvious. The outer zone (OZ) of the 

medulla can be seen (area between two chevron arrows), 

separating the cortex (CO) from inner medulla (IM). B- The 

medullary ray (MR), and collecting tubules (black arrow) are 

present in the subcortical and cortical zones. C- The outer 

medulla contained thick segment (red arrow), thin segment 

(brown arrow), and CD (black arrow). D- The inner medulla 

showed thin segment (brown arrow), thick segment (red 

arrow) of LoH, and CD (black arrow) (A: X40, B: X100, 

C&D: X400, H&E). 

 

Histochemical findings of renal tubules  

In all age groups, combined PAS and AB staining 

produced a moderate positive reaction in the PCTs' brush 

border and basement membrane, and a strong AB response 

on the luminal surface of some DCTs (pH 2.5) (Figure 9). 

The combined PAS-AB (pH 2.5) staining revealed acidic 

mucopolysaccharides in in all studied groups, with a 

significantly stronger response to AB staining observed with 

age advancement (Figure 10). 

 

 

 

 
 

Figure 8: The microphotographs of the kidney sections at 

PND 30 show A- the obvious distinction between outer 

medulla (OM) and inner medulla (IM). The inner strip (IS) 

and outer strip (OS) of outer zone of medulla could be easily 

distinguished. B- Obviously the thick segment (red-arrows) 

and thin segment(brown-arrows) of LoH in the medulla were 

more differentiated, the CDs (black arrows) can be observed. 

C, D- At PND 40, kidney microphotographs show increased 

medulla thickness, distinguishing the inner (IM) and outer 

medulla (OM), with clear separation of the outer medulla's 

inner (IS) and outer strips (OS). The medulla contains thick 

(brown arrow) and thin (black arrow) LoH segments, vasa 

recta (red circled area), and straight PCT segments (red 

arrow) (A,C: 4X0, B,D: X400, H&E). 

 

  
 

Figure 9: The microphotograph sections of the renal cortex 

at (A) PND 15, and (B) its magnification, show strong 

positive reaction (blue color) toward AB to the luminal 

surface of some DCTs (red arrow). At (C) PND 30, and (D) 

its magnification, the brush border and basement membrane 

of some proximal tubules show moderate reaction (magenta-

color) with the PAS (black arrow) (X400, PAS-AB). 
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Figure 10: Histological sections of renal medulla staining 

with the combined PAS-AB show that at (A) PND one, the 

collecting ducts (black-arrow), thick segment (green-arrow) 

and thin segments (red-arrow) of the LoH moderately 

respond (light-blue color) to AB stain, and at (B) PND 40, 

strongly respond (dark-blue) (five-point star) to AB stain 

(X400, PAS-AB). 

 

Immunohistochemical characteristics of renal tubules  

The PCT and DCT showed negative reaction against 

Lgr5 in all studied groups (no staining, score 0). Positive 

cells were seen in the interstitial tissues among LoH (Figure 

11) showed Lgr5 positive cells; The immunostaining 

positive cells in the interstitial tissue surrounding LoH 

revealed moderate immunopositive reaction for Lgr5 

diffusely seen at PND one. Whereas, there was a weak-to-

moderate immunostaining in the interstitial tissue diffusely 

found at PND 10 compared to the rabbits in the PND 15 that 

revealed a weak positive cell staining focally. Moreover, the 

expression of Lgr5 in renal interstitial tissue were suppressed 

at PNDs 30 and 40. 

 

 
 

Figure 11: Immunohistochemical staining of Lgr5 

cytoplasmic immunostaining of the LoH of renal tissue 

sections of the 40-day aged rabbit. (A) moderate expression 

of Lgr5 (score 9) in the interstitial tissues among LoH (black 

chevron-arrow), (B) weak to moderate expression against 

Lgr5 (score 6) in the interstitial tissues among LoH (yellow 

chevron-arrow), (C) Lgr5 weakly reacted (score 2) among 

the interstitial tissues surrounding the segments of the LoH, 

(D and E) no reaction (score 0) of Lgr5 have been illustrated 

in the interstitial tissues among LoH (X400; IHC, Anti-

Lgr5). 

Discussion 

 

Postnatal renal development differs significantly from 

adult kidney function. Animal models, particularly rabbits, 

are key for understanding tissue maturation and variability 

(20). This study aims to identify critical developmental 

stages in rabbit kidney tubules, providing a reference for 

assessing the impact of chemicals on kidney development 

and aiding future research interpretations. The findings the 

current study confirm that renal development, including 

tubulogenesis, progresses postnatally and reaches 

completion by PND 40 (21). Although our findings primarily 

focus on postnatal renal tubular development, we believe 

they align with the embryonic and fetal kidney study by 

Seriola (22). This study reported that nephron formation, 

induction, and organization begin when the urinary buds 

invade the nephrogenic mesenchyme. At this stage, a subset 

of cells condenses and undergoes direct proliferation, 

forming pretubular clusters. These clusters subsequently 

differentiate into secretory nephron epithelium, which 

eventually segments into distinct tubule structures. Parker 

and Picut (23) reported that rat kidneys remain histologically 

immature until PND 30, with nephrogenesis completing after 

birth, similar to rabbits (16). This postnatal kidney 

development makes these animals ideal for studying fetal 

and neonatal renal function. In contrast, species like spiny 

mice, humans, and sheep complete nephrogenesis before 

birth (24-26), while postnatal renal medulla development 

continues in humans (27). Other species, such as pigs and 

dogs, also show delayed nephrogenesis, finishing well after 

birth (28,29). 

This study observed a progressive decrease in both the 

average tubular lumen diameter and epithelial height in PCTs 

and DCTs from birth to PND 40. A reduction in cell number 

within these tubules was also noted, indicating a significant 

overall reduction in renal tubule size as the rabbits matured. 

These findings are consistent with Niborski et al. (30), who 

reported extensive tubular elongation due to cell 

proliferation during the early postnatal period in mice, 

followed by a decline in proliferation post-weaning. 

Additionally, PCTs exhibited a smaller lumen diameter but 

greater epithelial height compared to DCTs, which aligns 

with previous studies showing variations in microvilli 

distribution in PCTs (31,32). This observation is similar to 

Friis (33), who reported decreased cell height in pig proximal 

tubules with varying microvilli length. While Şimşek et al. 

(34) noted DCT and PCT continue in development until 

postnatal day 20, the present study found that development 

of renal tubule in rabbits extended till day 40. 

Current study, consistent with previous research (35-

37), found that renal tubules newly born kits showed 

completed histogenesis throughout the embryonic life, 

whereas renal corpuscle development continued until 

postnatal day 15 (16, 23). Microscopic and morphometric 

analyses in the current study revealed the maturation of 
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proximal tubules in the inner, middle, and outer cortex 

regions of the developing rabbit kidney. The study also 

observed congestion in glomerular capillaries and 

surrounding blood vessels, contrasting with Alyahya (38), 

who reported minimal vascular presence in domestic 

rabbits. Additionally, this research noted that the PCTs 

had a narrow lumen lined with cuboidal epithelium and 

centrally located nuclei, differing from Al-Sharoot (39) 

findings in pigs, where PCTs had wider lumens. Such 

differences may be attributed to species-specific 

adaptations, as indicated by El-Salkh et al (40). 

Furthermore, our findings differ from Ajayi et al (41) who 

observed columnar epithelium lining the PCTs in 

grasscutters, an African rodent. In contrast, our results 

align with those of Al-Salami (42) in camels, Hussin (43) 

in dogs, and Faidh Baragoth et al (29) in rats, which 

reported small PCT lumens associated with reduced urine 

dilution. These results also contrast with Yousif and Rabee 

(44) who found that guinea pig DCTs were shorter with 

narrower lumens than PCTs. Additionally, in mice, the 

DCT resembled the PCT, while in humans, it was lined 

with less eosinophilic cuboidal epithelium (45). 

This study identified the presence of PAS-positive 

granules in the PCT of rabbit kidneys during various 

postnatal stages, indicating moderate to strong reactions, 

while the DCT, LoH, and collecting tubules showed weaker 

PAS-AB staining. This suggests differential carbohydrate 

content across tubular segments. Consistent with other 

species, such as rats, rabbits, and male guinea pig (44,45), 

the PCTs exhibited substantial glycogen and glycoprotein 

accumulation, reflecting high metabolic activity. The study's 

findings also align with observations in herbivores like cows 

and goats, where the PCTs displayed intense PAS staining 

due to elevated glycogen content (46). 

Previous finding indicated strong Lgr5 expression in one-

day-old rabbits, particularly in podocytes and mesangial 

cells of newly formed glomeruli, which decreased with age 

and was suppressed by PND 30 (16). This suggests Lgr5 as 

a marker for glomerular and nephron development, with its 

expression confined to immature developing nephrons. 

Therefore, Lgr5 could be valuable for identifying and 

isolating epithelial progenitor cells in newborn rabbit 

kidneys, with potential applications in regenerative medicine 

for chronic renal diseases and congenital disorders in 

humans. Intriguingly, Barker et al (13) observed Lgr5 

expression during early kidney development in mouse 

models, coinciding with key nephrogenesis phases. Habib 

and Alhaaik (23) indicated that Lgr5+ve cells in nascent 

nephrons may generate other Lgr5-ve cells during early 

postnatal nephrogenesis. In adult kidneys, Lgr5 expression is 

minimal under normal conditions but may be reactivated 

following injury (38,39). Although our study focused on 

postnatal renal tubular development, previous research 

showing the absence of Lgr5 in adult human and mouse 

kidneys (4,40). These studies suggest that Lgr5 may be 

temporarily reactivated in adult kidneys following injury. 

Finally, On PND 1, we observed moderate Lgr5 expression 

in the connective tissue within the renal medulla, papillae, 

pelvis, and interstitial tissues surrounding segments of the 

LoH. By PNDs 10 and 15, Lgr5 expression declined to mild 

levels and was undetectable in kits aged 30 and 40 days. 

These findings align with previous studies (41,42) that 

reported a lack of antibodies specific to the thin ascending 

limb of the LoH in animal models. This IHC analysis also 

revealed no Lgr5 expression in the uriniferous tubules. 

However, there was moderate Lgr5 expression in blood 

vessels and interstitial tissues of the renal cortex on PND 1, 

which diminished by PNDs 10 and 15. Additionally, the 

vascular pole of the glomeruli exhibited moderate Lgr5 

expression on PND 1, decreasing significantly by PNDs 10 

and 15, with no detectable expression at the urinary pole.  

The expression of Lgr5 as a marker for stem/progenitor 

cells in the kidney has significant implications for renal 

repair and regeneration. Previous studies have demonstrated 

that Lgr5+ve cells contribute to nephron formation during 

kidney development (47). These findings suggest that Lgr5-

expressing cells may serve as a potential target for 

regenerative therapies, particularly in conditions where 

kidney injury leads to irreversible nephron loss. In cases of 

renal injury, the ability of intrinsic epithelial cells to 

contribute to kidney repair is well-documented (48). While 

the adult kidney has limited regenerative capacity, studies 

suggest that certain populations of epithelial progenitor cells, 

including Lgr5+ve stem-like cells, could play a role in 

repairing damaged tubular structures. Understanding the 

behavior of Lgr5-expressing cells in postnatal development 

may provide insights into their therapeutic potential for 

kidney injuries in veterinary medicine, particularly in species 

susceptible to acute or chronic renal damage. Furthermore, 

studies on early nephron patterning indicate that proliferation 

within renal vesicles contributes to nephron segmentation 

and functional differentiation (49). This underscores the 

importance of Lgr5+ve progenitors in the organization of 

renal structures, which may be critical for optimizing 

strategies aimed at tissue engineering and regenerative 

therapies for kidney diseases in veterinary and translational 

medicine. 

Building on previous research, our latest publication 

(23), and the finding of the current study, we believe that 

expanding research on Lgr5-mediated renal regeneration 

could provide a foundation for novel therapeutic 

interventions in veterinary and human nephrology, focusing 

on enhancing natural repair mechanisms or utilizing Lgr5+ve 

cells in regenerative approaches. 

Strength and Limitations: Unfortunately, this study did 

not include all PNDs from day one to day 40, which would 

have offered a more detailed understanding of the structural 

changes observed throughout development. Furthermore, the 

investigation did not assess additional potential renal stem 
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cell markers, limiting the scope of insights into renal 

development. 

 

Conclusions 

 

This study offers in-depth study of postnatal renal tubule 

development in rabbits, focusing on histological, 

histochemical, morphometric, and immunohistochemical 

attributes. Results indicate a constant decrement in epithelial 

height and lumen diameter of both PCT and DCT from birth 

to PND 40, reflecting substantial structural modifications 

during this period. The lack of Lgr5 expression in renal 

tubules, coupled with its variable presence in interstitial 

tissues around the LoH, suggests its involvement in early 

nephron development. These findings enhance the 

understanding of renal organogenesis and may inform 

regenerative therapeutic strategies for kidney disorders. 
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رنب دراسة تطور النبيبات الكلوية بعد الولادة في الأ

 المحلي: دراسة نسيجية وكيميائية نسيجية مناعية
 

 2و عمار غانم الحائك 1روناك صابر حبيب
 
فرع علم تناسل الحيوان، التشريح والفسلجة، كلية الطب البيطري، 1

فرع التشريح، كلية الطب البيطري، جامعة 2جامعة دهوك، دهوك، 

  الموصل، الموصل، العراق

 

 الخلاصة

 

بينت هذه الدراسة تطور النبيبات الكلوية بعد الولادة في الأرانب 

المحلية، وفحص الخصائص النسيجية والكيميائية النسيجية المناعية 

 يوما. تم تقسيم خمسين أرنبا 40والشكلية القياسية من الولادة إلى عمر 

و  10و  1إلى خمس مجموعات عمرية بناء على عمر ما بعد الولادة 

يوم. ثبتت الكلى وتمت معالجتها وتقطيعها للصبغ بملون  40و  30و  15

الاليشيان -الهيماتوكسيلين والايوسين وملون حامض شف الدوري

الزرقاء، تلا ذلك الفحص المجهري. استخدمت الكيمياء النسيجية المناعية 

ادة مستقبلات البروتين ج المقترنة بالبروتين الغني بالليوسين لأجسام مض

الخامس للكشف عن الخلايا الجذعية. تم إجراء القياسات الشكلية يدويا 

باستخدام كاميرا رقمية نوع أوماكس. أشارت النتائج إلى أنه بالرغم من 

 اكتمال تنسج النبيبات الكلوية في الأرانب التي يبلغ عمرها يوما واحدا

خلال الحياة الجنينية، إلا أنها استمرت في التطور حتى اليوم الأربعين 

بعد الولادة. لوحظ انخفاض تدريجي في ارتفاع الظهارة وقطر التجويف 

في النبيبات الملتوي الداني والقاصية، حيث أظهرت النبيبات الملتوية 

 ضعفا على التوالي، وأظهر 2.1ضعفا و 2.3الدانية انخفاضا بمقدار 

ضعفا في قطر التجويف  3.5النبيبات الملتوية القاصية انخفاضا بمقدار 

ضعفا في ارتفاع الظهارة. ومن المثير للاهتمام،  1.5وانخفاضا بمقدار 

لم يلاحظ التعبير عن مستقبلات البروتين ج المقترنة بالبروتين الغني 

ظ في بالليوسين الخامس، في النبيبات الملتوية الدانية والقاصية ولوح

الأنسجة الخلالية المحيطة بـعروة هنلي، حيث كان تعبير معتدل في عمر 

يوم واحد، ثم انخفض تدريجيا بعد ذلك. توفر هذه النتائج رؤى قيمة حول 

نضوج النبيبات الكلوية وتضع الأساس لأبحاث مستقبلية في نمو الكلى 

 والطب التجديدي.
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