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ABSTRACT

PURPOSE: To investigate nephrocalcinosis due to hyperoxaluria induced by two different inducing agents in rats.

METHODS: Forty Sprague-Dawley male rats were randomly distributed into four groups: Group! (Clinical control, n = 10); Group
2 (0.5% Ethylene Glycol + Vitamin D3, n = 10); Group 3 (1.25% Ethylene Glycol, n = 10); and Group 4 (5%Hydroxy L-proline, n =
10). Five animals from each group were euthanized after one week of follow-up (M1 Moment) and the remaining, after four weeks
(M2 Moment). All animals underwent 24h urine dosages of calcium, oxalate, uric acid, citrate and serum creatinine. Histology and
histomorphometric analyses were performed using Image J program in the hematoxylin-eosin stains. Calcium deposits in the renal
parenchyma were quantified by PIXE technique (Proton Induced X-Ray Emission).

RESULTS: 24h urinary parameters did not show any significant variations after 28 days of experiment except by hyperoxaluria that
was significantly higher in Group 3. Histomorphometric analyses showed a significantly higher nephrocalcinosis in Group 2 (p<0.01).
The calcium deposits in the renal parenchyma were 10 and 100 times higher in Group 2 in comparison to other groups in the M1 and
M2 moments, respectively.

CONCLUSION: The Group 2 (vitamin D,+Ethylene Glycol 0.5%) was the best model to induce nephrocalcinosis in rats after 28 days.
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Introduction

Calcium oxalate (CaOx) is the most important
metabolic component involved in urolithiasis'. Different authors
have reported that two thirds of calculi have oxalate (Ox) in its
composition. This condition can be also influenced by genetic
alterations (primary hyperoxaluria) or environmental factors
(secondary hyperoxaluria)’. As calcium oxalate is slightly soluble,
increasing in urinary oxalate concentration (hyperoxaluria) can
lead to CaOx supersaturation, resulting in crystals deposition
on the renal parenchyma (nephrocalcinosis) and in the collector
system (nephrolithiasis)®.

Different authors used hyperoxaluria to study CaOx
deposition in kidney of rats*’. According to these models, renal
deposition of crystals occurs mainly intra-tubular or in the renal
parenchyma. This process causes damages and progressive
inflammation that, when associated to tubular obstruction, may
lead to decreased renal function and end-stage renal failure®*.

Acute or chronic hyperoxaluria may be induced in rats by
the administration of different induction agents. According to Khan
et al®, ingestion of ethylene glycol (EG 1.25%)” or Hydroxy-L-
Proline (HLP 5%) may produce chronic hyperoxaluria. However,
the use of EG in concentrations higher than 0.75% may cause renal
lesion and damage to multiple organs®!. Therefore, some authors
have preferred the hydroxy-L-proline (HLP) administration,
which is a physiological precursor of oxalate®. In the attempt to
minimize their toxicity, these inducing agents can be associated to
potentiating substances, such as vitamin D,, which can haste CaOx
precipitation in renal parenchyma!'.

According to the literature, these inducing agents
of nephrocalcinosis (EG and HLP) may be used in different
concentrationsand periods oftime, causing variations in the intensity
and severity of the renal parenchyma calcification. However, it
is not clear what is the best agent or the optimal concentration
necessary to obtain a stable non-nephrotoxic model of CaOx
crystallization. Therefore, the aim of this study was to evaluate the

intensity of nephrocalcinosis caused by different inducing agents.

Nephrocalcinosis induced by hyperoxaluria in rats

Methods

The study was previously approved by the Ethics
Committee on Animal Experiments, from S&o Paulo State
University, Botucatu. School of Medicine

A total of 40 Sprague-Dawley adult male rats weighing
200 to 300 g were randomly distributed into four groups with ten
animals (Groups 1,2,3,4) which were placed in metabolic cages
and maintained under controlled lighting and temperature.

Group 1 was clinical control and no surgical intervention
was performed; in Group 2, animals received, ad libitum, 0.5%
ethylene glycol (EG) diluted in water and 0.5uM of D,vitamin
dissolved in one ml of vegetable oil, administered by gavage once
a day. Rats of the Groups 3 and 4 received 1.25% ethylene glycol
(EG) and 5% hydroxy L-proline (HLP), respectively, diluted
in their water supply, which was offered ad libitum. The total
consumption of water and food was individually measured daily.

The study was divided into three periods. The initial
moment (M0) was considered the beginning of the experiment.
After one week (M1), five animals of each group were euthanized;
and the remaining, sacrificed after four weeks (M2 Moment).

During the study period, urinary volume was individually
measured daily, and 24 hours urine was collected weekly for
analysis of calcium, oxalate, creatinine, uric acid and citrate.
Before freezing of 24-h urine sample, the volume and pH were
measured.

Immediately before the sacrifice (M1 and M2), the
animals were sedated and, after asepsis, a sample of urine was
collected by bladder puncture and sent for microbiological culture.
At this moment, about five milliliters of blood were collected
by cardiac puncture for biochemical dosage of creatinine.
After euthanasia with a lethal dose of sodium pentobarbital,
the kidneys were harvested by classical laparotomy. The right
kidneys were prepared for histological analysis and quantification
of nephrocalcinosis, while the left ones, were reserved for

determination of calcium dosages in the renal parenchyma.
Histomorphometric and histological analysis

The kidneys were fixed in formalin and embedded
in paraffin. The blocks were sectioned (5um) and stained with
hematoxylin and eosin (H.E). For each sample, five random
fields were selected and photographed under x40 magnification
by a digital camera coupled to a polarized optical microscope. The
images were analyzed using a grid with a hundred points created
by the plug-in of Image J® program (Figure 1), and the final result

expressed in percentage.
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FIGURE 1 - Computerized analysis of a G2 kidney stained by H.E under
x40 magnification showing the counting of intra-tubular crystals in a grid
created by the plug-in of Image J® program.

The histopathological analysis was performed by
the same pathologist in a blind way that classified the intensity
The

following parameters were studied: tubular atrophy, inflammatory

of histological parameters in mild, moderate and severe.

process and stroma extravasation. The crystals of CaOx in the
renal parenchyma were analyzed and counted in five fields for each
sample under 40x magnifications and expressed as the number of

renal tubules with crystals.

Calcium quantification in the renal parenchyma

After two days in the incubator at 60°C for dehydration,
the left kidneys were powdered using a crusher at 1070rpm for five
minutes. The renal parenchyma, now lyophilized, was sent to the
lab for calcium (Ca) dosage by PIXE technique (Proton Induced
X-Ray Emission).

In this process, the powdered renal tissue was converted
into a homogeneous solution at a ratio of 0.1g of tissue, 90ug of
Gallium (Ga) and 1.2 ml of pure nitric acid. The Ga is an absent
element in the sample, and was used as standard for measurement
of Ca, considering the peaks of the Ga spectrum and calcium
element. The samples were aconditioned in the PIXE cam
(Pelletron-tandem electrostatic accelerator; SSDH manufactured

by National Electrostatic Corporation, USA), and irradiated by ten
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minutes to obtain the Ca concentration.

Statistical analysis

The statistical analysis was performed using the
Goodman test for contrast among binomials populations'?. In the
study of quantitative variables and moments, was used the analysis
of variance in a non-parametric model for two-factor model,
complemented by the Dunn test'®. In the tables, lowercase letters
were used to indicate statistical significance in the comparisons
among groups. Proportions of the same lowercase letter in a
referenced category of response do not differ in the comparison of
the groups (p>0.05). All conclusions were made at 5% significance

level.

Results

No animal died during the study period and all of them
demonstrated a satisfactory increasing of corporal weight. There
was no statistical difference in the diary fluid ingestion among
different groups and microbiological urine culture was negative.
At M1, serum creatinine was significantly higher only in G2
animals when compared to the control group (0.8 x 0.5mg/dl;
p<0.05). However, after 28 days of experiment (M2), all animals
had normal levels of creatinine (median of 0.6mg/dl)

Urinary volume (UV) was significantly higher in G2
when compared to control group in both moments.

Urinary pH was alkaline and remained stable in both
moments. Urinary citrate did not show statistical difference
considering different groups and moments.

At M1, uric acid dosage was significantly lower in G2
compared to control group. There was not statistical among other
groups.

At M1, oxalate was significantly higher in G2 and G3
animals when compared to the control group. However, at M2,
only G3 presented persistently high dosage of urinary oxalate in
relation to control group.

Urinary calcium dosage in different groups didn't
show significant statistical results compared to control group,
considering different moments of evaluation.

All these results are shown in Table 1.



TABLE 1 - Median of 24h urinary parameters dosage

according to group and moment of evaluation*.

Urinary M1 Moment M2 Moment
Parameter G1 G2 G3 G4 Gl G2 G3 G4
24h volum

VOIUME 54 44 e 65 45 10.1°  44® 39
(ml)
pH 8.5% 9.0 9.0 9.0° 9.0 9.0 9.0 9.0*
R 253 72* 9.8 1270 1.8 220 370 217
(mg/L)
ks 16.1° 1.7* 4.0 16.1° 1.32 1.0* 1.0* 6.0*
(mg/dL)
Lalb 1.5° 114> 17.5>  1.8® 3.6° 540 1120 3.0
(mg/L)

alcium
Caloin 5.9% 1.6 1.9 6.8° 2.4 1.2¢ 1.6 2.4
(mg/dL)

*Proportions of the same lowercase letter in a referenced category of response
(horizontal lines) don’t differ in the comparison of groups (p> 0.05). All
conclusions were made at 5% significance level.

Histomorphometric studies

At Ml, statistical

difference in the presence of calcifications in the renal parenchyma

computer analysis didn’t find

considering different groups. However, after 28 days of induction
with 0.5% EG+ vitamin D3, G2 animals presented a high grade
of calcifications, with average of 15 crystals/animal, counted by
plug-in grid of image J software. No calcifications were observed
in the other groups (Figure 2).

Nephrocalcinosis induced by hyperoxaluria in rats
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FIGURE 2 - Median of intra-tubular calculi per animal analyzed by
optical microscopy according group and moment of evaluation.

However, histological evaluation by optical microscopy
demonstrated the presence of calcifications in G2 at M1, with a
median of 8 intra-tubular crystals/animal. After four weeks of
induction, this median increased to 58. As in the computerized
analysis, calcifications were not observed for the remaining groups
in both moments of evaluation (p<0.01).

In G2, tubular atrophy was observed in 60% and 100% of
the animals at M1 and M2, respectively (Figure 2). None tubular
alterations were observed in other groups.

At M1, a mild acute inflammatory process was observed
in 80% of the rats in G2 (0.5% EG + vitamin D,). After 28
days of experiment, the inflammatory process was classified as

“moderate” by the pathologist in 25% of these animals (Figure 3).

No inflammatory process was identified in the other groups.

FIGURE 3 - A. H.E stained section showing normal kidney architecture
(control group), x40 magnification. B. H.E stained section of G2 animal:
intra-tubular crystals (narrows); tubular atrophy () and moderate acute
inflammatory infiltrate (); x40 magnification.

Calcium quantification in the renal parenchyma
The calcium dosages in the renal parenchyma by PIXE

technique were significantly higher in G2 when compared to the

other groups in both moments (Table 2).
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TABLE 2 - Median and minimum/maximum values of
Calcium (mg/kg) in the renal parenchyma, according to group and
moment of evaluation*.

Moments
Group
M1 (7 days) M2 (28 days)
1 510 (495;524) a 464 (415;512) a
2 5146 (4477 ; 5815) b 54935 (48855 ;61014) b
3 609 (538 ; 680) a 487 (482 ;492) a
4 277 (0;554)a 338 (326;349) a

*Proportions of the same lowercase letter in a referenced category of response
(columns) don 't differ in the comparison of groups (p> 0.05). All conclusions were
made at 5% significance level.

Discussion

Urinary volume (UV) is described as an important
factor in the pathogenesis of nephrolithiasis because a low urine
output may increase the concentration of lithogenic solutes and,
consequently, contribute to increase the formation of kidney
stones'*. Paradoxically, we observed a higher UV in G2 when
compared to the control group (G1) in both moments. This
fact suggests that this parameter is not influenced the CaOx
precipitation in our study, as reported in different studies'>'®.

Urinary pH was alkaline (average pH=9.0), with no
significant variance in different moments, suggesting that this
urinary biochemical parameter did not affect crystals formation.
This observation is accordance with other studies that found that
the CaOx solubility is not influenced by pH variation'”!%,

Citrate is accepted as an effective inhibitor of urinary
calcium precipitation because it increases the calcium solubility,
thus reducing the ionic Ca activity and supersaturation of CaOx".
Another important property of citrate is the ability to prevent the
nucleation and aggregation of crystals®. In this study, urinary
citrate levels did not influenced nephrocalcinosis formation.

Hyperuricosuria can be considered the major risk factor
for the development of urinary uric acid calculi and may also be
involved in calcium oxalate lithiasis*'. Although we observed a
significantly higher excretion of urinary uric acid in groups Gl
and G4 in comparison to G2 at M1, it was not observed tubular or
parenchymal calcifications in these groups.

At the M1 moment, there was a significant increase in
the urinary oxalate levels in groups G2 and G3 when compared

to the other groups, demonstrating that the ethyleno glycol is an
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adequate model of hyperoxaluria. However, after 28 days, only
the group G3 (1.25%EG) maintained a significant hyperoxaluria
compared to the other groups. Nevertheless, CaOx deposition was
observed only in G2 in the different moments, worsening after
28 days. This fact could explain the decrease of urinary oxalate
observed in this group?.

Urinary calcium was significantly higher in G1 (control
group) and G4 (HLP) after seven days, however this fact did not
result in a higher CaOx deposition in renal parenchyma. After
28 days, no statistical difference was observed among groups,
demonstrating that there was no correlation between hypercalciuria
and nephrocalcinosis.

Although
ideal biomarker of glomerular filtration rate (GFR), it can be

serum creatinine is not considered an
used to estimate overall renal function in the absence of more
sensitive markers®. Some authors have reported a correlation
between decreased renal function and urolithiasis due to urinary
obstruction and damage of the renal parenchyma®**. In this study,
we observed significantly higher levels of serum creatinine in G2
when compared to G1 (control group) and G4 (HLP) after seven
days. However, when the animals were followed for 28 days, there
was no statistical difference in serum creatinine in the different
groups. Considering that the prolonged period of exposure to
different inducing agents could cause deterioration in the renal
function®, normal levels of creatinine at M2 suggests that the
initial statistical difference observed in M1 could be considered a
biological variation.

Some authors have reported that CaOx crystals are formed
in the renal tubules and are carried to the interstitial space, causing
inflammatory reaction and morphological alterations in the renal
architecture’®. In our study, the histopathological analysis showed
the predominance of acute inflammation, epithelial atrophy and
stromal extravasation in animals of G2, which presented important
nephrocalcinosis.

Renal tubular calcifications were significantly higher in
G2 animals in booth moments (M1 and M2) compared to the other
groups. At M2, computer analysis (Image J software) showed a
clear predominance of CaOx crystals in Group 2, with a median of
15 crystals per field against zero in the other groups (p<0.05). This
finding was confirmed by the microscopic analysis performed by
the pathologist demonstrating a positive correlation between two
different methods.

Histological findings concerning calcification were
supported by the calcium dosages in the renal parenchyma by
PIXE technique. This method showed a higher concentration of

Ca in the renal parenchyma of G2 animals when compared to the



other groups in both moments, which were about 10 and 100 times
higher than the values observed for the others groups at M1 and
M2, respectively.

Conclusion

Ethylene Glycol 0.5% supplemented with Vitamin D3
(Group G2) was the best model to induce nephrocalcinosis in rats
after 28 days.
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