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ABSTRACT

PURPOSE: To evaluate the renal function and the renal histological alterations through the stereology and morphometrics in rats
submitted to the natural process of aging.

METHODS: Seventy two Wistar rats, divided in six groups. Each group was sacrificed in a different age: 3, 6,9, 12, 18 and 24 months.
It was performed right nephrectomy, stereological and morphometric analysis of the renal tissue (renal volume and weight, density
of volume (Vv[glom]) and numerical density (Nv[glom]) of the renal glomeruli and average glomerular volume (Vol[glom])) and also it was
evaluated the renal function for the dosage of serum creatinine and urea.

RESULTS: There was significant decrease of the renal function in the oldest rats. The renal volume presented gradual increase during
the development of the rats with the biggest values registered in the group of animals at 12 months of age and significant progressive
decrease in older animals. VViiom) presented statistically significant gradual reduction between the groups and the NV om) also decreased
significantly.

CONCLUSIONS: The renal function proved to be inferior in senile rats when compared to the young rats. The morphometric and
stereological analysis evidenced renal atrophy, gradual reduction of the volume density and numerical density of the renal glomeruli
associated to the aging process.
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Introduction

The aging process is inevitable and culminates in
the functional worsening of multiple systems, increase of the
morbidity and mortality'. The effects of the aging in the kidneys
are related to the presence of sclerosis in progression, associated to
the reduction of the number of functioning nephrons, resulting in
the reduction of the renal blood flow and the glomerular filtration?.

The pathogenesis of the structural renal changes
associated to the aging is not yet completely known. Genetic and
hemodynamic factors had been associated with the progression
of the morphologic alterations related to age and these structural
alterations of the renal aging are also very unspecific, found in many
conditions, including diabetes, hypertension and arteriosclerosis®.

The accuracy for determination of structural alterations
of the agencies is extended with the use of the stereology, which
is a method that uses systematic, uniform and random samples to
supply quantitative data with minimum bias*.

There are few studies using stereology to evaluate the
renal structural alterations secondary to the aging process, therefore
this work aims to evaluate the renal histological alterations through
the stereology and morphometrics; and the renal function, through
the examination of the serum urea and creatinine in rats submitted

to the natural process of aging.

Methods

All the ethical principles in the animal testing established
by the Brazilian College of Animal Experimentation (COBEA)
had been observed and also the requirements established in the
“Guide for the Care and Use of Experimental Animals” had been
respected, being the experiment approved by the local committee
of ethics.

For the study, 72 male albino Wistar rats (Ratfus
novergicus albinus, Rodentia, Mammalia) had been kept in an
environment with controlled temperature in 22 degrees Celsius,
light/dark cycle of 12 hours, controlled humidity of the air and
free of external noises. They had all received purified water and ad
libitum feeding with specific food for the species during the period
of the experiment.

The animals were divided in six groups of 12 animals
each and were sacrificed at different ages: group 1, at 3 months
of age; group 2, at 6 months of age; group 3, at 9 months of age;
group 4, at 12 months of age; group 5, at 18 months of age; and
group 6, at 24 months of age.

Quantitative analysis of the renal aging in rats. Stereological study

In the experimentation room, the weighing in an ultra-
sensitive calibrated scale and measurement of the stature of the
animal were made.

For the procedure, the animals were submitted to
anesthesia with a solution of Ketamine hydrochloride (57.67mg/
mL) associated 2% of Xylazine hydrochloride (2g), with
application of 1ml/1000 grams of live weight, via intraperitoneal
injection under aseptic conditions. The procedure consisted
in the performance of laparotomy and median thoracotomy
and subsequent intracardiac puncture for blood collection and
induction of cardiorespiratory arrest by exsanguination.

Next, the experiment proceeded with the kidneys
dissection performed bilaterally, tie of the renal vases and ureters
and conduct of bilateral nephrectomy. The left kidney was
immediately frozen under the temperature of - 80°C (to be used in
another study) and the right kidney was submitted the weighing in
electronic scale of high precision and its dimensions (length, width
and thickness) were measured with a digital caliper.

Also the following organs were dried up to be used in
other studies on the aging process: testicles, bladder, corpus

cavernosum and urethra, aorta, heart, liver and brain.

Biochemical analysis

The collected blood samples from the animals were sent
to the laboratory of biochemical analyses and a measurement
of serum creatinine and urea though the enzymatic colorimetric

method was performed, being the measurement unit mg/dL>.

Morphological, morphometric and stereological

analysis

The renal volume (V) was calculated from the linear
measurement, using the formula for the volume of an ellipsoid
recommended by Barr (1990): Volume (V) = Length (C) x Width
(L) x Thickness (E) x 0.523¢.

After the verification of the measures of weight, length,
width and thickness, the right kidney was bipartite longitudinally
and set in ALFAC (85 parts of ethyl alcohol 80%, 10 parts of
formaldehyde 40% and 5 parts of glacial ascetic acid, made at the
moment of use) for 16 hours. The material then was dehydrated in
a decreasing series of xylol and alcohols, for posterior inclusion in
paraffin blocks.

After that, the kidneys were submitted to the successive

cuts in microtome with 7um of thickness (American Optical,
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Spencer AO 820). Since the kidney is an anisotropic organ (the
glomeruli are located predominantly in the cortical region) the
Orientator Method’ was used to obtain random and uniformly
isotropic cuts (cuts AUI).

The physical Disector method® was used to calculate
the numerical density of the glomeruli (NViypny)- The sampling of
the renal tissue was carried through with two consecutive cuts;
chosen 1 every 5 cuts - presenting a thickness of 35 micrometers
between the plans - for the determination of the three-dimensional
quantitative parameters of the renal glomeruli from bi-dimensional
cuts.

Later, the histological blades were mounted with 5 cuts
of each renal unit for the execution of the histochemical method
Hematoxylin and Eosin stain (HE).

The analysis of the blades submitted to the HE stain was
made in biological trinocular microscope with plain objective Bel
Photonics lens, model BIO2 Polaris (Bel Photonics do Brasil Ltda.,
Sdo Paulo, Brazil) with image capture system BIOCAM CMOS
SERIES 3.0® and software Home Mirage I® connected. After that,
the captured images were used for the analysis of the stereological
parameters for attainment of the volumetric density (Vv,

[glvm])’

numerical density (Nv, ) and average volume (Vol , ) of the

[glom] [glom]

renal glomeruli.

To determine the three-dimension of the kidney the
stereological method M,, system-test was used. This was
superimposed on the histological images in order to count the
of points and intersections test, as described by Mandarim De
Lacerda’.

For attainment of the density of volume of the renal
glomeruli (VV10m) the following calculation was carried through:
A% = P[ghm] /P, (um°)

P[glom] being the number of points that cross renal

v[glom]

glomeruli and P the number of points-test. The values of the
volumetric density were multiplied by 100 for expression of the
results in percentage.

The numerical density of the renal glomeruli (NV[gloml)
was calculated through the formulas:

Vol[disector] =e . A,

Nvlglom] =2Q / Vol[disector] (1/mm?)

Being:

" Alglom]

e = thickness of the micrometer
A_ = area-test of the superior plan

20Q- Alglom) — SUM of the number of renal glomeruli
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To obtain the average volume of the renal glomeruli
(Vol[

and the numerical density of the renal glomeruli (Nv

D the division between the volumetric density (Vy,

glom g]om])

[glom]) was

made. The result was expressed in cubic micrometers (um?).
Statistical analysis

The results obtained in the experiment were described
by averages, medium, minimum values, maximum values and
standards deviations. For the comparison of the groups in relation
to the quantitative variables that had taken care of the normality
condition, the model of analysis of the variance (ANOVA) with a
factor was considered. The LSD test (least significant difference)
was used for the comparisons of groups two by two. In the average
glomerular volume, the comparison of the groups was made using
the non-parametric test Kruskal-Wallis one-way analysis of
variance. Values of p<0.05 had indicated statistical significance.
For each one of the variables, the null hypothesis of the averages
being equal in all the groups, versus the alternative hypothesis
of at least one of the groups having a different average from the
others was tested. In case of rejection of the null hypothesis, the
groups were compared two by two. The data were analyzed with

computer program IBM SPSS Statistics v.20.0.
Results

No loss occurred during the study, as in the last group all
the 12 animals at 24 months of age were alive. The animals with
the longer survival showed evident signs of aging, such as thinning
hair and hypoactivity. With regards to the length and weight, the
animals had had a statistically significant gradual increase until the
group at 12 months of life, followed by discrete reduction in the

rats of the last groups (Figure 1).



600
* . - -
m P
E 7]
= //
& y
= =
= 450
£
5B
g 400
SD: standard deviation
350
300 ™ Average
am &m am 12m 18m 24m  [Averagesse
G IAveng +SD
roup

Quantitative analysis of the renal aging in rats. Stereological study

28

27
—_
4
@ 26
o i

7
E ,f
£ i
[T}
8
c =
= o
£ 2 .
an
:
g2 SE: standard error
5D: standard deviation
21
20 ™ Average
3m 6m am 12m 18m 24m  [JAverage:SE
IAveragetSD
Group

FIGURE 1 - A) Graph of the evolution of the weight (in grams) of the animals in the groups. B) Evolution of the length of the animals (in centimeters)

in the different groups.

Biochemical analysis

The statistical analysis of the values of the serum
creatinine had shown gradual increase over time, presenting
significant statistical difference (p<0.05) in the comparison of the
animals of the groups of young rats (group at 3 and 6 months of
age - average creatinine 0.53 £0.16 mg/dL and 0.56 &+ 0.09 mg/dL,
respectively) when compared with the animals of the groups of
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rats at more advanced age (12, 18 and 24 months of age - average
creatinine 0.74 £0.21 mg/dL, 0.77 + 0.17 mg/dL and 0.90 + 0.33
mg/dL, respectively). In the comparison between the animals of
the groups at more than 12 months of age there was no significant
difference in the values of the serum creatinine (Figure 2A). The
values of the measurement of the serum urea had not shown

statistical difference between the groups (p=0.557) (Figure 2B).
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FIGURE 2 - Result of the serum creatinine (A) and urea (B) of the animals in the different groups.

Renal morphometric analysis

The examination of the renal weight presented statistically
lower values in the group of animals at 3 months of age (average
of 1.28 + 0.13g) in comparison to the other groups (except group
at 9 months of age) (Figure 3A).

The renal volume measured presented statistically
significant increase between the group at 3 months of age (average
0f433.8 + 74.58mm?*) and the group at 6 months of age (average of

1124.6 + 82.5mm?) (p<0.001). A significant increase of the renal
volume was also evidenced between the animals of the group at
6 months of age and the group of animals at 12 months of age
(average of 1267.2 £ 124.0mm’) (p=0.028). After a peak with
the group at 12 months of age, a gradual reduction of the renal
volume occurred, being that the comparison between the groups at
12 and 18 months of age (average of 579.1 + 137.9mm?) was also
statistically significant (p<0.001) (Figure 3B).
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FIGURE 3 - A) Graphic of the evolution of the weight of the right kidney (in grams) in the different groups. B) Graph of the evolution of the volume

of the right kidney (in mm?) in the different groups.

Stereological analysis

The quantitative examination of the glomerular volume
density (VVig1om) showed statistically significant gradual reduction

between the groups (Figure 4).
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FIGURE 4 - Values of the glomerular volume density (Vv[glom]) in the
groups.
The glomerular numerical density (Nv ]) surveyed

[glom
demonstrated statistically significant reduction between the groups

of rats at 3 months of age (average of 165.77 & 3.13 glomeruli per

mm?) and 6 months of age (average of 135.32 + 12.89 glomeruli
per mm?®) (p<0.001). An increase in the numerical density in the
rats at 9 months of age (average of 148.71 £ 15.78 glomeruli per
mm?) in relation to the group at 6 months of age was evidenced
(p=0.007). The glomerular numerical density in the groups over
9 months of age came back to present gradual reduction until
reaching an average of 26.42 + 5.07 glomeruli per mm® in the
group of rats at 24 months of age. This gradual reduction presented
great statistical relevance (p<0.001) (Figures 5 and 6).
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FIGURE 6 - Photomicrograph of the kidney cortex using Hematoxylin-Eosin. Magnification: x40. Marked difference between the number of identified

glomeruli (arrows) in the 3-month group (A) versus 24-months group (B).
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The mean glomerular volume did not present statistical
difference between the groups of rats with 3 and 6 months of age
(p=0.792). Between the groups of animals at 6 months of age

and the remaining with rats at more advanced age, a statistically

TABLE 1 - Values of the mean glomerular volume (Vol

[glom]

Quantitative analysis of the renal aging in rats. Stereological study

significant reduction (p<0.001) of the mean glomerular volume
occurred. Between the animals older than 9 months, the mean
glomerular volume did not present significant alterations
(Table 1).

) in the groups (values in um?).

Variable Group n Average  Medium Minimum  Maximum  Standard deviation  Value of p*
3 months 12 7.96 7.99 7.67 8.26 0.20
6 months 12 8.00 8.03 7.19 8.58 0.40
Vol .. 9 months 12 6.68 6.73 6.22 7.08 0.24
(in pm?) 12 months 12 6.45 6.48 5.83 7.37 0.51
18 months 12 6.56 6.66 5.37 7.26 0.54
24 months 12 6.88 6.88 6.88 6.88 0.001 <0.001

*ANOVA with a factor, p<0.05

Discussion

The use of animal models in experimental studies has
been widely spread since the beginning of the last century. Even
with its reduction in the last two decades due the ethical concerns,
it is estimated that about 12 million animals are used per year in
researches in the United States'”.

In aging and longevity research this model becomes
fundamental, since it allows to follow the entire cycle of life in a
shorter period of time and to control the environment exposition
during all the life of the animal.

In the present study, the animals of the last group had
reached the end of the follow-up time at 24 months of life, thus,
on the basis of its cycle of life, they can be considered elderly
rats'l. The development of the animals based on their weight
was considered adequate regarding the standard curves found in
literature'?.

The senescence is associated with a gradual reduction
of the glomerular filtration rate. Previous studies on renal aging
in rats'*'* had demonstrated gradual reduction of the clearance of
creatinine overtime in rats at up to 18 months of age, corroborating
with our finding of significantly inferior values of the serum
creatinine in younger animals (group at 3 and 6 months of age)
in comparison to the animals of more advanced age (12, 18 and
24 months of age). Another point to be considered is the fact that
endogenous creatinine is produced in the organism to be directly
proportional to the muscular mass. In Wistar rats, the decline in
the muscular mass is very small (approximately 5%), whereas in
men these values are around 25% reduction'®. This reduction of
the muscular mass does not necessarily reflects in an expected

reduction of the serum levels of creatinine, precisely because of

the existence of a reduction of the renal function, as evidenced in
the results of our study.

The values of the urea had not presented statistically
significant variation between the groups, suggesting that even
with the potential reduction of the renal function during the aging
process, none of the animals developed accentuated damage
capable to install status of advanced renal insufficiency. It is
understood however, that the analysis of the concentrations of
plasma creatinine and urea is limited and allows only one indirect
indication of renal damage, as there are other factors that can be
involved in the increase of its serum concentrations.

The histopathological alterations associated to the
process of renal aging, such as: atrophy of the organ, reduction
of the epithelial cells number of the convoluted tubule, reduction
of the number and volumetric reduction of nephrons, arterial
alterations, and increase of the number of renal interstice cells and
interstitial fibrosis!®. In our study, the morphmetrics and stereology
were used to better determine the renal alterations secondary to the
aging process®.

The renal weight of the analyzed animals has presented
to be compatible with the findings of preliminary studies and was
consistent with the physical development of the animals. The renal
volume found in the study suggests the same logic, increasing as
the animal develops physically - with apex around 12 months of
age - and, after that, evolving with gradual reduction demonstrating
evident process of atrophy of the organ'’.

With strong statistical significance, the gradual reduction
of the glomerular volume density and the glomerular numerical
density found in the stereological analysis of the renal tissue of the

rats in the groups of animals gradually older, clearly demonstrates
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the process of renal aging as already well-established in
literature'”2!.

The variation curve of the mean glomerular volume
during the aging process evidenced in our work was similar to the
ones found in studies lead in human beings'*-*2. However, Cortes et
al? evidenced a gradual increase on the mean glomerular volume
during the aging of Fischer rats. This compensatory glomerular
hypertrophy seen in the senile rats is probably due to the reduction
of the number of functioning renal glomeruli.

The results of the study strengthen the well appraised
information already in literature and can assist in better
understanding of the natural process of the aging in rats and

stimulate the development of new research on the subject.

Conclusions

The renal function, evaluated through the serum dosage
of creatinine and urea, proved to be inferior in senile rats when
compared the young rats. The morphometric and stereological
analysis evidenced renal atrophy, gradual reduction of the
glomerular volume density and glomerular numerical density
associated to the aging process. It was not found significant

compensatory glomerular hypertrophy in the senile rats.
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