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MORPHOFUNCTIONAL REMODELING OF THE
RENAL JUXTAGLOMERULAR APPARATUS IN
EXPERIMENTAL HYDRONEPHROSIS

Background

Hydronephrosis is a progressive pathological condition caused by impaired
urinary outflow, leading to dilation of the pelvicalyceal system, increased
intrapelvic pressure, ischemic injury of the renal parenchyma, and gradual loss of
nephron function. Although numerous studies have described structural alterations
of nephrons during obstructive nephropathy, the morphofunctional state of the
juxtaglomerular apparatus (JGA) remains insufficiently investigated. Since the JGA
plays a pivotal role in regulating renal hemodynamics through activation of the
renin—angiotensin—aldosterone system (RAAS), understanding its remodeling
during hydronephrosis is of considerable scientific and clinical interest.

Objective

To evaluate morphofunctional changes of the renal juxtaglomerular apparatus
during different stages of experimental hydronephrosis.

Materials and Methods

The study was performed on 56 adult Wistar rats weighing 250-300 g.
Experimental hydronephrosis was induced by unilateral ureteral obstruction.
Animals were divided into control and experimental groups according to
observation periods (7, 14 and 30 days). Kidney specimens were collected and
processed using standard histological techniques. Paraffin sections were stained
with hematoxylin-eosin and connective tissue-specific stains. Morphometric
assessment included evaluation of glomerular structures, tubular epithelium,
afferent arterioles, interstitial tissue, and components of the juxtaglomerular
apparatus.

Results

At the early stage of hydronephrosis (7 days), compensatory-adaptive changes
predominated. Histological examination demonstrated moderate dilation of the
pelvicalyceal system, enlargement of renal size, interstitial edema, glomerular
hypertrophy, and dilation of proximal and distal tubules. Hyperplasia and
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hypertrophy of juxtaglomerular cells were observed, accompanied by increased
cytoplasmic granularity indicating enhanced renin secretory activity.

By day 14, progressive structural damage became evident. Tubular epithelial
atrophy was observed in approximately 75% of specimens, while inflammatory
infiltration and interstitial fibrosis affected up to 90% and 40% of tissue sections,
respectively. Significant narrowing and hypertrophy of afferent arterioles were
detected. Morphometric analysis revealed maximal activation of the
juxtaglomerular apparatus characterized by increased density of renin-producing
cells and marked structural remodeling.

At the late stage (30 days and beyond), irreversible pathological changes
predominated. Renal parenchymal atrophy exceeded 80%, accompanied by
extensive nephrosclerosis, glomerular hyalinosis, tubular collapse, and diffuse
interstitial fibrosis. Juxtaglomerular cells demonstrated signs of degeneration and
functional exhaustion. Sclerotic changes in afferent arterioles and vascular
obliteration resulted in severe impairment of renal microcirculation.

The frequency of major JGA alterations included juxtaglomerular cell
hyperplasia (70-80%), increased renin granulation (65—75%), glomerular ischemia
(60—70%), vascular sclerosis (40—50%), perivascular fibrosis (35-45%), and macula
densa atrophy (30—40%).

Discussion

The obtained findings indicate that obstructive hydronephrosis initiates a
sequence of adaptive and subsequently destructive processes within the
juxtaglomerular apparatus. Initial activation of renin-producing cells represents a
compensatory response aimed at maintaining glomerular filtration and renal
perfusion. However, prolonged urinary obstruction leads to chronic ischemia,
progressive fibrosis, vascular remodeling, and structural disorganization of the JGA.
These alterations contribute to persistent activation and subsequent dysregulation of
the renin—angiotensin system, accelerating nephrosclerosis and chronic kidney
disease progression.

Conclusion

Experimental  hydronephrosis induces significant morphofunctional
remodeling of the renal juxtaglomerular apparatus. Early stages are characterized by
adaptive hyperplasia and hypertrophy of renin-producing cells, whereas prolonged
obstruction results in irreversible degenerative and sclerotic changes. Morphometric
assessment of the juxtaglomerular apparatus may serve as a valuable
biomorphological marker for evaluating disease progression and predicting renal
functional impairment in obstructive nephropathy.
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