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Case Report

Acute alloxan toxicity causes granulomatous tubulointerstitial

nephritis with severe mineralization
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Abstract: Alloxan had been recognized as having a direct nephrotoxic effect different from its diabetogenic action. We encountered
previously unreported granulomatous tubulointerstitial nephritis with severe luminal and interstitial mineralization in one diabetic rat
after one week of alloxan administration. Histopathologically, many dilated and occluded proximal and distal tubules were segmentally
observed in the cortex and outer medulla. The tubular lumen contained minerals and cell debris. Tubular epithelial cells were degen-
erated and piled up, and they protruded into the lumen, where they enveloped minerals. Mineralization was observed mainly in the
tubular lumen, and to some extent in the subepithelium and interstitium. The mineralization beneath the tubular epithelium was often
continuous from the subepithelium to the interstitium. In these lesions, the tubular basement membrane was disrupted by mineraliza-
tion, and a granuloma with multinuclear foreign-body giant cells was formed in the interstitial areas. (DOI: 10.1293/tox.2016-0017; J

Toxicol Pathol 2016; 29: 261-264)
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The alloxan-induced type 1 diabetic rat is one of the
most commonly used experimental animal models of dia-
betes. Prior to inducing a prolonged diabetic state, alloxan
causes acute tubulointerstitial nephritis, consequently lead-
ing to nephrotoxicity and animal deaths!-3. There are only a
few reports on severe luminal and interstitial mineralization
induced by alloxan2. Herein, we report a case of granulo-
matous tubulointerstitial nephritis with severe luminal and
interstitial mineralization in an alloxan-induced rat and de-
scribe its pathological features.

Six-week-old Wistar/Crlj male rats were purchased
from Charles River Laboratories Japan, Inc., and reared in
a barrier-sustained animal room maintained at a tempera-
ture of 23 + 2°C and a relative humidity of 55 + 10% with
12-h light/dark cycles and ventilation at least 10 times/h
with high-efficiency particulate air-filtered fresh air. Twelve
rats were administered a single dose of alloxan (50 mg/kg)
by intravenous injection at 7 weeks of age. Rats other than
the case showed no apparent clinical symptoms or renal
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histological changes except the diabetic condition, and all
rats were sacrificed at 7 days after alloxan administration.
One rat experienced a gradual reduction in body weight
accompanied by both a reduction in food intake and urine
volume following alloxan injection. Its kidneys were fixed
in 10% phosphate-buffered formalin, dehydrated, and then
embedded in paraffin. Sections (4 pm thick) were stained
with hematoxylin and eosin, PAS reaction, and Von Kossa’s
method. For immunohistochemical examination, the sec-
tions were deparaffinized in xylene and rehydrated through
graded ethanol series. The rehydrated sections were micro-
waved in 10 mM citrate buffer (pH 6.0) for 10 min at 98°C
to retrieve the antigen. Solutions and washes were prepared
between the various steps using 0.05 M Tris buffered saline
(TBS, pH 7.6) with 0.01% Tween 20. Nonspecific endoge-
nous peroxidase activity was blocked by exposure to 0.03%
hydrogen peroxide in 100% methanol for 5 min, and mask-
ing was conducted with 1% goat or horse normal serum in
Tris buffered saline for 5 min at room temperature. Incuba-
tion was carried out overnight at 4°C with anti-aquaporin 1
(AQP1) rabbit polyclonal antibody (diluted 1:500, AB2219,
Millipore, Billerica, MA, USA), anti-sodium/potassium
ATPase subunit alpha 1 (Na/K pump) mouse monoclonal
antibody (diluted 1:1,000, 05-369, Millipore) and anti-Ibal
rabbit polyclonal antibody (diluted 1:500, 019-19741, Wako
Pure Chemical Industries, Osaka, Japan). These slides were
subsequently rinsed with TBS plus Tween 20, treated for
30 min at room temperature with biotinylated secondary
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antibody (Vectastain Elite kit, PK6102, PK6101, Vector
Laboratories, Burlingame, CA, USA), rinsed with TBS plus
Tween 20, incubated for 30 min at room temperature with
Vectastain Elite ABC reagent (Vectastain Elite kit, PK6102,
PK6101, Vector Laboratories), rinsed with TBS plus Tween
20, incubated in diaminobenzidine solution containing
0.01% hydrogen peroxide for the peroxidase coloring reac-
tion, and counterstained with Mayer’s hematoxylin.

Grossly, both the kidneys were enlarged. Other organs
and tissues had no gross findings. Histologically, both the
kidneys showed similar lesions. Many dilated and occluded
tubules were segmentally observed in the cortex and outer
medulla (Fig. 1). Degeneration and necrosis of tubular epi-
thelial cells were seen along with tubular obstruction due to
cell debris and mineralization (Fig. 2). Dilated regenerated
tubules were lined with flattened and attenuated epithelia
in basophilic cytoplasm. These tubular epithelial cells often
piled up, formed small cell clusters, and protruded into the
lumen. In some tubules, protruded tubular epithelial cells
enveloped minerals (Fig. 3). The mineralization was con-
firmed as calcium salts using Von Kossa’s method (Fig. 4)
and was observed in the tubular lumen, subepithelium, and
interstitium (Fig. 2), but apparent mineralization of the arte-
rial wall was not seen. The mineralization beneath the tubu-
lar epithelium was often continuous from the subepithelium
to the interstitium. In these lesions, the tubular basement
membrane was sometimes disrupted by mineralization
(Fig. 5), and multinuclear foreign-body giant cells and mac-
rophages often infiltrated (Fig. 2). Multinuclear foreign-
body giant cells were usually located around minerals, and
they often contained minerals in their cytoplasm (Fig. 2).
Double staining with PAS and Ibal confirmed that Ibal-
positive macrophages infiltrated from the interstitium to the
subepithelial mineralization area, penetrating the basal lam-
ina (Fig. 6). Many degenerated and regenerated tubules did
not have a brush border, but some dilated and degenerated
tubules did. Both the Na/K pump-positive distal tubules and
AQPI-positive proximal tubules (Fig. 7) showed degenera-
tive changes. However, severely damaged tubules did not
express either AQP1 or the Na/K pump.

The nephrotoxic effect of alloxan had been recognized
long before its diabetogenic action was identified!-3. Renal
changes included extensive swelling and vacuolar degenera-
tion of tubular cells, necrosis of tubular cells, tubular dila-
tion, and cellular infiltrates resembling granulomas in the
interstitium from the third day to fourteenth day following
alloxan administration2. Renal damage may lead to uremia
and death. In this report, the histologic changes observed in
an alloxan-induced diabetic rat resembled those in previous
reports?, and they were likely due to the nephrotoxicity of
alloxan.

Unlike previous reports, to the best of our knowledge,
severe mineralization was not found in the rat with alloxan-
induced nephrotoxicity. In the present case, mineralization
of calcium salts located in the tubular lumen and beneath
the tubular epithelium resulted in the formation of granulo-

mas in the interstitial and tubular regions. As the continuity
of mineralization between the tubule and the interstitium
was apparent, it is possible that translocation of minerals
from the tubular lumen to the interstitium occurred, a pro-
cess that has been well demonstrated for calcium oxalate
(CaOx) crystals (crystalline nephritis)*-8. The crystals of
CaOx generally form in the renal tubules. If crystals come
in contact with renal epithelial cells, they are endocytosed
and moved to lysosomes for removal or moved from the lu-
minal to the basolateral side between the cells and the base-
ment membrane4-8. They are subsequently transported to
the renal interstitium, where macrophages eliminate them
while inducing an inflammatory and foreign body reaction#.
In our case, the features of the protruded granuloma with
mineralization and the continuity of mineralization between
the tubule and the interstitium resembled a granuloma with
crystals in crystalline nephritis. Thus, the unique pathologic
features of our case may also be caused by the transloca-
tion of minerals from the tubular lumen to the interstitium.
However, it is well-known that mineralization occurs in tu-
bules, the tubular lumen, and the interstitium of the kidney
as dystrophic calcification in rats including those of the Wis-
ter strain®. In addition, although apparent mineralization of
the arterial wall was not seen, metastatic calcification as a
result of systemic calcium/phosphorus imbalance may oc-
cur in the kidney. Thus, the possibility that mineralization
simultaneously occurred in the tubules, tubular lumen, and
interstitium as a dystrophic or metastatic calcification can-
not be ruled out. Further study will be needed to clarify the
mechanism of mineralization.

Alloxan is a small molecule that resembles glucose,
binds the GLUT-2 glucose transporter, and can enter cells
via the GLUT2 glucose transporter!?. I1. It generates super-
oxide and hydroxyl radicals; since beta cells have relatively
weak defenses against oxidative stress, they are especially
sensitive to free radical-mediated damage by alloxan and
undergo necrotic cell death within 48 hours postinjection!2.
The GLUT2 glucose transporter is expressed in beta cells,
hepatocytes, renal tubular cells, and small intestinal epithe-
lial cells!2. This transporter of renal tubules is mainly lo-
cated at the basolateral membrane of proximal tubular epi-
thelial cells. If alloxan induced tubular damage via GLUT2,
only the proximal tubule would be damaged. However, in
our case, both the Na/K pump-positive distal tubules and
the AQP1-positive proximal tubules showed degenerative
changes. Thus, the renal toxicity of alloxan may involve oth-
er mechanisms independent of the GLUT2 glucose trans-
porter.
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Dilated and occluded tubules in the cortex and outer medulla. Bar = 500 pm. HE stain.

Degeneration and necrosis of tubular epithelial cells are seen with tubular obstruction by cell debris and mineralization (arrows). Min-
eralization is observed mainly within the tubular lumen and to some extent in the subepithelium (open arrows) and interstitium (arrow-
head). Infiltration of multinuclear foreign-body giant cells and fibrotic macrophages. Bar = 100 um. HE stain.

Protruded tubular epithelial cells envelope minerals (arrows). Bar = 100 um. HE stain.

Minerals are positive for Von Kossa’s stain. Protruded tubular epithelial cells envelope minerals (arrows). Bar = 100 pm. Von Kossa’s
method.

A tubular basement membrane (arrows) is disrupted by mineralization and foreign-body giant cells. Bar = 50 um. PAS reaction.
Iba-1-positive macrophages infiltrate from the interstitium into the subepithelial mineralization area, penetrating the basal lamina (ar-
rows). Bar = 50 pm. PAS reaction and immunohistochemical staining for Ibal.

Damaged and dilated tubules show various levels of immunopositivity for AQP-1. Bar = 50 pum. Immunohistochemical staining for AQP-
1 and hematoxylin counterstain.
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