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Histological alterations caused by the oral administration of aluninium
and/or low calcium diet on the proximal tibiae of rats
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Abstract

Histological alterations in the cancellous bone of the proximal tibiae of rats, after 4 weeks of daily
administration of aluminium (Al) and/or low calcium {(Ca) diet, were investigated. Forty-one 7 week—old
male Wistar rats were used and disposed of at 11 weeks. The animals were divided into 6-groups. They
were CONTROL, CONT - Al , LOW Ca, LOW Ca - Al, LOW Ca - AI-CONTROL, LOW Ca - AI-=CONT

- Al as indicated in the tables 1-3. To the CONTROL group, the food CE-2 from Nihon—Clea and tap
water was given ad fibitum. To the CONT - Al group, 100mg/dl of AICI; in the tap-water was administered
with the normal diet. The diet Ca was reduced to 10% of the normal diet was given to the groups LOW Ca,
and LOW Ca - Al, with distilled water or Al containing—distilled water respectively. The other two groups
were the group transferred to the normal diet and tap water, and the group on the normal diet and Al
containing-tap water, after two weeks of low Ca and Al treatment (LOW Ca - AIF-CONTROL or LOW Ca

« AI-CONT - Al}). Primary spongiosa was divided into two layers for estimation of hone volume and
osteoclast-number, i.e. a layer of 340 of thickness immediately beneath the epiphyseal cartilage plate
{(proximal primary spongiosa) and subjacent 340gm of thickness {distal primary spongiosa). For estimation
of bone volume of secondary spongiosa, the area 1mm apart from the epiphyseal cartilage plate was focussed
upon.

The results obtained were as follows : (1) The number of osteoclasts in the proximal primary spengiosa
was slightly decreased by administration of Al to the animals on the normal diet, accompanied by a decrease
in bone volume . (2 In the LOW Ca group, the decrease of bone volume in the proximal primary spongiosa
was accompanied by an increase in the number of osteoclasts. (3) Compared with the LOW Ca group, the
bone volume of the proximal primary spongiosa on the LOW Ca - Al group was moderately retained, despite
the increase of osteoclasts in this area. (& In the distal part of the primary spongiosa, the bone velume of
the CONTROL and LOW Ca groups was almost equal, whereas Al administration decrease bone volume on
the CONTROL and LOW Ca specimens. (58) TUNEL-staining indicated that the cartilage cells of the
epiphyseal plate and the osteoclasts in the metaphyseal cortical bone were significantly apoptotic by

Al-treatment, whereas the ostecclasts in the metaphyseal cancellous bone were less affected.

| RREAE AH—VRERE, 2 BEEAAT R SHG
3 HEBEKERYE O—FFEEE, 4  BTARK—VEELLF—



BERBEATFNHELE $245. 2000

These findings seem to indicate that Al is toxic to the bone metabolism when the normal diet is

supplied, but that it apparently inhibits decrease of bone volume when Ca is not supplied sufficiently.
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TABLE 1. Bone veolume in the proximal area of primary spongiosa.

B B AR BAH Pl 95%CL BERE
CONTROL [ - a7 45.6 43.1. 48.1 9.4
CONT - Al 3 13 42.9 4.0, 44.1 6.7
LO¥ Ca 10 80 26. 8 23.5 . 30.1 14.8
LO¥ Ca « Al 11 89 34.9 33.4, 36.5 (!
LO¥ Ca - Al

~CONTROL 2 15 22.5 19.8 . 25.1 4.8
LOY Ca = Al

-CONT -« Al 3 29 35. 4 31.4, 39.4 11.9
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TABLE 2. Bone volume in the distal area of primary spongiosa.

8 & i BXH EHE 95% C L B {5 %
CONTROL 7 56 241 22.1, 26.2 7
CONT » Al 8 73 2.4 19.6, 23.2 7.6
LO¥ Ca 10 8 257 922.7. 28.8  13.7
LO¥ Ca-Al 11 89 148 13.2, 16.3 7.4
LOW Ca » Al

~CONTROL 2 15 333 29.3. 37.4 1.3
LOY Ca « Al

_CONT Al 3 30 21.5 228,321  12.5

TABLE 3. Bone volume in the secondary spongiosa.

Mmoo B WA BEAREN O FEM 0 9H9%CL BEXRE
CONTROL 7 57 16.6  14.5. 17.7 8.0
CONT » Al 8 68 131 110, 15.2 8.6
LO¥ Ca 10 81 7.3 6.1. 8.4 5.2
LO¥ Ca- AL 11 88 9.6  8.5. 10.8 5.3
LOW Ca « Al

-CONTROL 9 16 16.6 I1.1.22.2  10.6
LOW Ca+ Al

-CONT -Al 3 95 129 10.6, 15.2 5.6
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Fig. 1: Azan—stained metaphyseal cancellous bone of the proximal tibiae. a: control rat,  b: aluminium administration to the
d: aluminium administration to animals with a low caicium diet,

control animal, c: low calcium diet,
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e: transferred to the

normal diet and tap water after two weeks of low calcium diet with aluminium containing tap water, f . transferred to the
normal diet with aluminium administration after two weeks of a low calcium diet with aluminium.
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Fig. 2: Difference in the number of tartrate resistant acid phosphatase (TRAP) positive osteoclasts in the metaphyseal
cancellous bone of the proximal tibiae. Specimens were counter—stained with methylgreen—pyronine. The letters a—f in the
figures are referable to the experimental groups indicated in Fig 1. Arrow heads were given to some TRAP-positive osteoclasts
to distinguish their location.

TABLE 4. Number of osteoclasts within the restricted area of the proximal primary spongiosa.

B R OGN BAH TEME 95 % (L BEEREE B/ - BA#

CONTROL l 10 1.1 6.7. 1.5 1.8 4-12
CONT - Al 8 84 6.7 6.2. 7.2 2.4 2-15
LOY Ca 10 56 8.3 1.71. 89 3.2 4-21
LOY Ca - Al 11 107 1.8 11.3 .12.3 2.6 1T-20
LOY Ca - Al

~CONTROL 2 31 8.3 1.9.24 2.4 5-13
LO¥ Ca -~ Al

-CONT - Al 3 43 6. 2 8812 3.1 1 -13
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TABLE 5. Number of osteoclasts in the restricted area of distal primary spongiosa.

M OB ks O BEAR OEHM 95 % (L BEEE R/ - BRAM

CONTROL 7 70 1.8 1.4, 2.2 1.6 0-8
CONT « Al 8 72 2.5 2.2, 2.8 1.1 0-5
LOY Ca 10 108 1.9 L7, 2.1 1.3 0-6
LO¥ Ca - Al 11 119 2.8 2.5, 3.1 1.1 1 -12
LOY¥ Ca - Al

~CONTROL 2 32 2.1 4.6 . 6.8 3.0 2 -12
LOY Ca » Al

-CONT - Al 3 44 3.0 2.6 , 3.4 1.4 1-9

Fig. 3. TUNEL-staining to visualize apoptosis in the epiphyseal cartilage plate. The order of figures a—d is referable to Fig. 1.
Compared with the control, apoptosis of cartilage cells seems to be significant in b, ¢, and d.

Fig. 4: TUNEL-staining to visualize apoptotic—osteoclasts at the metaphyseal cortex. Arrows indicate apoptotic osteoclasts.
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Fig. 5: TUNEL-staining for osteoclasts in the metaphyseal cancellous bone.
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