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Effects of acute intoxication with uranyl nitrate on bone formation'
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Summary. The alteration of bone formation by an acute mtoxication with uranyl mitrate is demonstrated by histologic and
histometric methods. When compared with the controls, intoxicated animals showed a markedly lower density n healing sockets,
while bone formation was reduced in healing sockets as well as in mctaphyseal bone.

The incorporation of uranium compounds by bone tissuc has
been demonstrated by different methods; biochemical**, auto-
radiographic*’, neutron activation analysis® and X-ray micro-
analysis®. A large proportion of the uranium injected is depos-
ited in bone tissue, in which uramum is found in significant
amounts after long periods of time’, and it is considered the
critical organ in chronic exposures®. Autoradiographic studies
have demoustrated the primary deposition of uranium on en-
dostal, periostal and haversian surfaces’, particularly in calci-
fying zones. All this information clearly indicates a relation-
ship between uranium deposits and bone formation. Never-
theless, there is no reference to the changes produced in bone
tissue by uranium intoxication. Here we present a histologic
and histometric study concerning the elfect of acute intoxi-
cation with uranyl nitrate on formation of bone tissues.
Muterial and methods. 22 male Wistar rats weighing 90 g were
employed. All animals had the 3 left mandibular molars ex-
tracted under Nembutal anesthesia (0.0025 g/kg bowt). 11 of
these animals were injected 1.p. with 2 mg/kg b.wt of urany!l
nitrate immediately after the extractions. The remaining non-
mtoxicated animals were used as controls. All animals were
killed on the 14th day by ether inhalation.

libiae and jaws were fixed in 10% neutral formalin, decal-
cified in EDTA and processed to be embedded in paraffin.
Ornented sections were stained with hematoxylin-cosin. Histo-
metrie measurements were made on projections of these sec-
Hions using an image analyzing system (Kontron Messgerite
MOP-AM 03 Carl Zeiss). Bone formation zones were observed
microscopically and drawn in the corresponding zones of the
tracmgs

The measurements were performed on the central area
ol metaphyseal bone (fig. 1) and on the apical third of the
Yirst molar mestal root in the bucco-lingual middle area. The
histometric analysis was based on standard stereological meth-
wds"' 12

The parameters studied in tibiae were: a) percentage of bone
*ormation surface of the total trabecular bone, considering
bone formation surfaces as thosg covered by osteoid tissue and
cuboidal osteoblasts; b) volume density of trabecular bone
{Vv). considered as the ratio between trabecular area and total
arca, ¢) width of trabeculae taken on the line GH traced paral-
el o segment B in the muddle of zone 1. In the sockets the
vavameters analysed were: a) percentage of bone formation
surface and by volume density of trabecular bone.

Results The histologic sections of tibiae showed an altered ar-
chuecture of the metaphyseal zone in injected animals. The
niost striking finding was a marked shortening of the meta-
physcal bone. Their trabeculae were shorter and wider (sealing
trabeculac) than in the controls, while osteoblastic areas were
less frequent

Lable | Histomeunc analysis in subchondral zone. Percentage of bone
tormation surfaces

The histometric analysis demonstrated that the percentage of
bone formation areas in the central zone of metaphyseal bone
was significantly lower in experimental than in control
animals, particularly in sector I (table 1, fig. 1).

The mean values of the volume density of trabecular bone in
zone CDEF were 0.21 + 0.03 for controls and 0.24 + 0.02 for
experimental animals (p < 0.005) (table 2). Nevertheless, in
sector [ of that zone, Vv was significantly lower in experi-
mental animals than in controls (fig. 1).

lb
Figure 1. The area CDFE connidered for thg measurements was traced
on the projectons. Two lines a and b paraliel to the diaphysis and
tangents 1o the point of unton between the cortical-bone and the epi
physeal carulage were drawn. Line ¢ was drawn perpendicular to these
lines and tangent 1o the lower edge of the epiphyseal cartilage Segment
AB wus thus determined and divided in thirds: AC, CD and DB. The
lines d and ¢ were drawn parallel 10 the lines a and b from the points C
and DA tline parallel to the lower edge of the cartilage was drawn 24
cm from it, defining points E and F where 1t intersects lines d and e.
The 24 cm are equivalent of 4000 pm, which correspond to the mean
value of the distance between the lower edge of the cartiluge and the
lower end of the bone trabeculae vbtained from controls. The central
sector of subchondral boae is thus limited by the points C.D.F and E.
This area was divided nto three zones: I, 11 and ! by dividing the
altitude DF into thirds and drawing lines parallel 1o the lower edge of
the cartilage.

Table 2. Histometric analysis in subchondral zone. Volume density of
trabecular bone

Control animals Experimental apimals  p

Control animals Experimental animals p

Sector 1 95431 1.11 97.67 £ 0.75 < 0.01

Sector 1 353+ 090 2.20 + 0.52 < (.025
Sector Hi 1.0 £ 0.67 0.12+0.24 < 0.025
Mean value 2463+ 433 19.99 + 2.08 < 0.001

Sector [ 0.48 £ 0.05 0.56 +0.03 <0.05
Sector 1 0.13+0.04 0.16 +0.04 <0.05
Sector I 0.04°% 0.01 0.008 + 0.01 < 0.001
Mean value 0.21 £0.03 0.24 +0.02 < 0.005

Al values + SD.

All values + SD.
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Figure 2. Trabecula corresponding to the healing socket of an.intoxi-
cated anumal. No forming activity is showed on its surface. HE <700

I'he trabecular width measured in sector | (fig. 1) was greater
in injected animals (4.11 mm + 0.41 SD) than in controls (2.66
mm + 0.17 SD). This fact explains the greater values of Vv for
sectors I and 11 in zone CDEF (fig. 1).

I'he sockets of intoxicated animals were almost completely oc-
cupied by proliferating connective tissue. A few woven trabe-
culae with scanty bone formation surfaces were observed occu-
pying the apical alveolar third. Sockets of non-injected animals
were almost totally occupied by woven bone with high osteo-
blastic activity (figs 2 and 3). The histometric determinations

in the apical third of the extraction wound healing socket of

the injected animals demonstrated that the percentage of bone
formation surfaces as well as bone density were remarkably
lower than in the controls (table 3).

Discussion. Our results indicate that acute intoxication with
uranyl nitrate provokes important alterations in bone forma-
tion. This effect was observed on endochondral ossification as
well as in a model of bone healing of edentate alveoli. These
results are supported by histologic and histometric analysis.
I'he use of histometric methods allows the quantitative evalu-
ation ol bone alterations, as has been demonstrated else-
where'" " With these methods it was determined that bone
formation surfaces were significantly reduced in intoxicated

Fable 3. Histometric analysis in healing sockets

Control animals Experimental animals — p

Percentage of
bone formaton

surfaces 19.55 + 4.00 4.85 + 2.60 <0.001
Volume density

of bone in the

apical third 0.40 £ 0.06 0.26 + 0.04 < 0.001

All values + SD

Frabecula corresponding 1o the healing socket of a control
It shows a row of cuboidal ostecoblasts covering the osteoid
<700

Figure 3

antmal
tssue. HI,

compared with control anmals, both m the metaphyseal bone
and 1 healing sockets.

The metaphyses of intoxicated anunals showed signs of depres-
sed ossificanon as revealed by the lower percentage of bone
formation arcas when compared to the controls. It was signi-
ficantly lower particularly in scctor HI (p < 0.001). Volume
density of metaphyscal bone was significantly lower in sector
11, due 1o the diminished length ol its trabeculae, which causes
a virtual absence of bone. Scctor HI may be considered repre-
sentative for studying the effect of uranium on growth of epi-
physcal bone because 1t may be assumed that their trabeculae
have been formed during the first 3-4 days after the injection.
These results are in accordance with the findings in the alveo-
lar sockets and reflect diminished osteoblastic bone formation.
The formation of woven trabeculac. which normally occupy
the alveolus 14 days alter tooth extraction', was virtually ab-
sent in intoxicated animals. thus resulting in a lower volume
bone density

In both cases it may be assumed that the differentiation of
osteoblasts or their precursors is depressed by the toxic agent.
Concomitantly, the remaining osteoblasts may form the scanty
woven trabeculae found in the alveolar fundus and the scaling
trabeculac which appeared in the metaphyscal bone. The pres-
ence of sealing trabeculae in sector [ indicates that bonce for-
mation has stopped and explains the increment in the value of
bone density found in this sector. On the other hand the de-
crease of bone resorption may have contributed to these re-
sults.

Under similar experimental conditions cell damage has been
reported in kidney and skin' " Based on these data and on
the demonstrated relationship between bone formation and
uranium deposits’® 7 osteoblastic or preosteoblastic damage
cannot be excluded.
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