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Abstract The kidney are bilateral bean-shaped organs, reddish-brown in colour and located in the posterior abdomen.
Their main function is to filter and excrete waste products from the blood. They are also responsible for water and electrolyte
balance in the body. Background: The present study investigated the morphofunctional characteristics of the rat kidney
structure during postnatal development. Method: The experiment was performed on outbred white rats. A total of 48 animals
were divided into four age groups: newborns (n=11), 3-month-old (reproductive young age, capable of breeding, n=12),
6-month-old (active reproductive period, n=13), and 12-month-old (reproductive mature age / period of decline, n=12). The
age groups were established to assess the dynamics of morphometric changes in rat kidney structural elements during
postnatal development. All animals were kept under standard vivarium conditions with a regular diet. Rats were euthanized
under ether anesthesia at newborn, 3-, 6-, and 12-month ages. After laparotomy, kidneys were removed. Body weight was
recorded, and absolute and relative kidney masses were determined. Kidney samples were fixed in 10% neutral buffered
formalin, dehydrated through graded alcohols, and embedded in paraffin. Paraffin sections (5-8 um thick) were stained with
hematoxylin and eosin (H&E) and by the van Gieson method. Results: To assess the results obtained, the dynamics of
postnatal development of macro- and microanatomical parameters in ontogenesis were examined in a control group
comprising newborn, 3-month-old, 6-month-old, and 12-month-old outbred white rats. Based on the age period subdivision
used to identify changes in morphometric parameters of structural elements of the rat kidney in postnatal development, the
morphometric parameters of rat kidneys were analyzed. Result: During the postnatal period, the highest growth rates were
observed by 6 months of age relative to 3-month-old animals: body weight, kidney weight, and cortical thickness increased
by up to 55.7%. In contrast, the increase in renal capsule thickness was observed at 12 months of age compared to
6-month-old animals, reaching 33.0%.
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1. Introduction

The morphological and physiological features of the urinary
organs are of significant importance for the functional state
of vital organs and body systems. These features should be
considered when implementing preventive and diagnostic
interventions aimed at the prevention of diseases. Complete
prevention and effective treatment are unattainable without a
thorough understanding of the anatomical and physiological
characteristics of the organism, as well as the histological
structure of each organ within this system. In outbred white
rats, the kidneys are located in the retroperitoneal space on
both sides of the vertebral column and demonstrate minor
variations in their topographical anatomy [1].

The kidneys of mammals possess a bean-like shape,
exhibit a reddish-brown coloration, and contain numerous
glandular excretory tubules [2].

According to certain authors, two poles (proximal and
distal), two surfaces (anterior and posterior), and two borders
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(medial and lateral) can be distinguished in the kidney. The
lateral border is more convex and descends inferiorly, while
the medial border is slightly concave or straight and is
directed dorsally [3].

Externally, the rat kidney is covered by a capsule loosely
connected to the parenchyma of the organ. The kidney is
externally surrounded by adipose tissue and is covered
anteriorly by a serous membrane. On the medial surface of
the kidney, the renal hilum is present, through which nerves
and vessels enter the kidney, while veins and the ureter exit.
Deep to the hilum is located the renal cavity (sinus), which
contains the renal pelvis [4].

The renal cortex is composed of alternating dark and light
regions. The light-colored regions are conical in shape and
constitute medullary rays radiating from the renal medulla
into the cortex [5].

The renal pyramid is composed of straight tubules forming
the nephron loop (loop of Henle) and of collecting tubules
that traverse the renal medulla. The proximal convoluted
tubules are situated surrounding the renal corpuscles and
account for the greatest area. The distal tubules exhibit a
smaller diameter and a rounded lumen [6,7].
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According to published data, the structure of the rat kidney
has been adequately characterized; nevertheless, the
morphofunctional features of the rat kidney during postnatal
ontogenesis have been insufficiently studied, and contradictory
views exist regarding this issue.

2. Aim of the Study

To investigate the morphofunctional features of the rat
kidney structure during the postnatal period of development.

3. Study Design and Animals

The experiment was conducted on outbred white rats.
A total of 48 rats were used, including: 11 newborns; 12 rats
at 3 months of age (reproductive young age, capable of
reproduction); 13 rats at 6 months of age (active reproductive
period); and 12 rats at 12 months of age (reproductively
mature, or aging period).

The subdivision of age periods was performed to identify
the dynamics of changes in morphometric parameters
of structural elements of the rat kidney during postnatal
development. All laboratory animals were kept under standard
vivarium conditions and received a standard diet.

4. Animal Euthanasia and
Organ Collection

Animals were sacrificed at newborn, 3-month, 6-month,
and 12-month ages using ether anesthesia. After opening the
abdominal cavity, the kidneys were excised. Body weight
was recorded, and the kidneys were weighed to determine
absolute and relative kidney masses.

5. Histological Processing

Kidney specimens were fixed in 10% neutral buffered
formalin, subsequently dehydrated through ascending
concentrations of alcohol, and embedded in paraffin wax.
Paraffin sections of 5-8 um thickness were cut and stained
with hematoxylin and eosin (H&E) as well as with van
Gieson's stain.

6. Statistical Analysis

The results are expressed as mean standard deviation
(M £SD). Intergroup differences were assessed using
Student's t-test. A p-value of less than 0.05 was considered
statistically significant.

7. Results and Discussion

The kidneys are situated between the lumbar muscles and
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the parietal layer of the peritoneum, thus exhibiting a
retroperitoneal topography. Anteriorly, structures such as the
duodenum, the celiac trunk, adipose tissue, mesenteric
vessels, and the descending portion of the small intestine are
present, while posteriorly (caudally) only adipose tissue is
found. Both kidneys are enveloped by layers of adipose
tissue overlying the fibrous capsule. Such structural organization
and topographical arrangement create distinctive barriers
that impede the dissemination of pathological processes,
including infection or bleeding.

On the medial surface of the kidneys, the renal hilum can
be observed. Taking into account that the mass and size
of the right kidney are somewhat larger compared to the
left kidney, the right kidneys were used for subsequent
organometric studies.
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Figure 1. Light micrograph of the kidney structure in a 3-month-old rat.
1. Renal corpuscle; 2. Proximal convoluted tubule; 3. Collecting ducts;
4. Renal capsule. Hematoxylin and eosin (H&E) staining. Magnification:
ocular 10> objective 20> (total magnification 200>)
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Figure 2. Histological structure of the renal cortex in a 6-month-old
control rat. 1. Renal capsule; 2. Cortex (cortical substance); 3. Medulla
(medullary substance); 4. Renal corpuscle. Hematoxylin and eosin (H&E)
staining. Magnification: ocular 10% objective 20x (total magnification
200>
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In newborn rats, the body weight varies between 5.0 and
8.0 g, while the kidney weight ranges from 0.024 to 0.036 g.
The relative kidney weight (kidney-to-body weight ratio) is



International Journal of Genetic Engineering 2026, 14(5): 151-154

0.96%. At 3 months of age (sexually mature juvenile), the
body weight ranges from 200.0 to 250.0 g, and kidney weight
ranges from 0.7 to 1.1 g.

At this age, the relative kidney weight (kidney-to-body
weight ratio) equals 0.80%. At 6 months of age (reproductive
young period), the body weight of the animals ranges from
260.0 to 300.0 g, while the kidney weight ranges from 1.2 to
1.6g.

At this stage, the relative kidney weight (kidney-to-body
weight ratio) equals 0.99%. At 12 months of development
(reproductively mature age), the body weight of the animals
varies between 310.0 and 350.0 g, while the kidney weight
ranges from 1.3 to 1.7 g. In the reproductively mature age
group, the kidney-to-body weight ratio is 0.85%.

In the control group of 3-month-old rats, the dynamics of
renal organometric parameters were as follows: with an
increase in body weight of the white rats throughout the
observation period, the examined organometric indices of
the kidney showed a corresponding increase. It was found
that the capsule thickness varies along the surface of the
kidney and is not uniform. In newborn rats, the renal capsule
thickness ranges between 6.0 and 10.0 um.

The kidneys of rats are enveloped by a dense connective
tissue capsule, which consists of bundles of collagen fibers
together with elastic and reticular fibers. In 3-month-old
animals, the thickness of the renal capsule ranges from 14.0
to 23.0 um. The microscopic architecture of the kidney at
3 months of age is presented in Figure 1. By the age of
6 months, the capsule thickness varies between 19.0 and 28.0
pum. The structure of the renal cortex in 6-month-old rats
from the control group is illustrated in Figure 2.

At 12 months of age, the thickness of the renal capsule
ranges from 28.0 to 42.0 um. The renal parenchyma
peripherally comprises the cortex, which is responsible for
urine production. The cortex itself is dark red in appearance.
Centrally, the kidney contains the medulla, which exhibits a
lighter coloration, appears radially striated upon sectioning,
and has a striated (radiate) architecture. A border zone
(intermediate layer) is present between the medulla and the
cortex. This region demonstrates intense red staining. The
renal medulla is subdivided into the renal pyramids, which
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typically number between 10 and 15. Each renal pyramid
possesses an apex (papilla) directed toward the renal sinus
and a base oriented toward the cortex.

The renal pyramid is composed of straight tubules forming
the nephron loop (loop of Henle) and collecting tubules that
traverse the renal medulla. These structures gradually
converge, giving rise to 15-20 short papillary ducts. The
ducts open via papillary orifices on the surface of the papilla.
Owing to this anatomohistological organization, the apex
of the renal papilla exhibits a sieve-like structure and is
designated the cribriform area (area cribrosa). Each minor
renal calyx surrounds the renal papillae and typically
receives 2-3 papillae. Two or three minor calyces unite to
form a major renal calyx. The major calyces subsequently
merge to form the renal pelvis, which at the level of the renal
hilum continues as the ureter.

In newborn rats, the renal cortex appears dark in color and
consists of clustered convoluted tubules. The cortical
substance occupies the peripheral portion of the kidney and
is characterized by lighter striations (medullary rays) that are
delineated by extensions of the medullary substance (renal
columns).

In newborn rats, the cortical thickness ranges between
150.0 and 200.0 um, whereas the medullary thickness varies
between 380.0 and 480.0 um. The cortex-to-medulla ratio is
40.5%.

At 3 months of age (sexually mature juvenile period),
the cortical thickness ranges from 400.0 to 600.0 pm, and
the medullary thickness ranges from 1801.0 to 2261.0 um.
At this age, the cortex-to-medulla ratio equals 25.0%.

At 6 months of age (reproductive young period), the
cortical thickness ranges from 700.0 to 800.0 um, and the
medullary thickness ranges from 2200 to 2700 um. The
cortex-to-medulla ratio at this age is 32.6%.

At 12 months of development (reproductively mature age),
the cortical thickness varies between 750.0 and 850.0 um,
while the medullary thickness ranges from 2100 to 2450 um.

In mature animals, the cortex-to-medulla ratio is 34.9%.
The morphometric parameters of the rat kidney under normal
conditions during postnatal ontogenesis are presented in the
Table 1.

Table 1. Normative morphometric parameters of the rat kidney in postnatal ontogenesis

age newborn 3-months 6-months 12-months
parameters
body weight (2) 6,2240,3 223,944,1 280,5424,26 334,645,39
kidney weight (2) 0,030,001 0,940,03 1,440,13 1,4340,03
kidney-to-body weight ratio (%) 0,96 0,80 0,99 0,85
cortical (um) 178,345,0 509,7+16,4 763,1464,3 797,4430,8
. medullary (um) 439,3+10,0 2038,4491,4 | 2339,3#213,9 | 2282,0426,9
Layer thickness -
cortex-to-medulla ratio (%) 40,5 25,0 32,6 349
renal capsule (um) 8,140,40 18,540,74 23,57%2,24 35,6+1,08
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8. Conclusions

Thus, during postnatal development, the highest growth
rates of rat kidney morphometric parameters are observed
at 6 months of age compared to 3-month-old animals: body
weight increases by 25.3%, kidney weight by 55.7%, cortical
thickness by 49.0%, and medullary thickness by 15.0%.
However, the greatest increase in renal capsule thickness is
observed at 12 months of age compared to 6-month-old
animals, reaching 33.0%.

The rate of increase in renal capsule thickness from the
neonatal period to 12 months of age was 1.4-fold, whereas
the cortical thickness showed a 1.8-fold increase. The
medullary thickness demonstrated a 1.4-fold increase during
the same period.
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