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The deposit of uranium compounds in calcifying zones has been demonstrated in 
bone. Nevertheless, no studies on the effect of uranium on osteogenesis have been 
performed. A histologic and histometric study of the effect of a single intraper- 
itoneal injection of 2 mg/kg of body weight of uranyl nitrato on bone formation is 
presented. It was performed on rats’ healing sockets, 14 days after tooth extraction. 
The alveolar bone volume (15 x 105 nm! vs. 34 x  10’ (im2), total bone formation 
areas (4.85% vs. 19.55%). and volume density of bone in the alveolar apical third 
(0.26 vs. 0.40) were significantly lower in intoxicated animals than in the Controls. 
These results indícate the inhibitory effect of uranyl nitrate on bone formation.
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A ltera lion s o f  d ifferent tissues o f  the body, 
particularly o f  skin and kidney, induced by 
uranium  com pounds have been  described in 
the literature (1 -6 ) . In b o n e. the distribution  
and retention o f  uranium  com pounds w ere  
studied by d ifferent m ethods: b iochem ical 
(7 -9 ) ,  and autoradiographic (1 0 -1 2 ), by neu­
trón activation analysis (1 3 ), and X -ray m iero- 
analysis (6 ). A utoradiographic studies have 
dem onstrated primary deposition  o f  uranium  
on  en d o stea l, periosteal and H aversian sur- 
faces (1 2 ), particularly in calcifying zones  
(10). B on e  is the on ly  tissue in which uranium  
is found in significant am ounts after long  peri- 
o d s o f  tim e (8 ) , and is considerad the critical 
organ in chronic exposu res (9).

A ll this inform ation clearly ind icates a re- 
lationsh ip b etw een  d eposits and bone form a­
tion. N ev erth e less, no reports on  the possible  
effeets on  osteo g en esis  induced by uranium  
com pounds are availab le in the literature. 
Prelim inary data on  the depression  o f  oste-  
oblastic  activity in jaw  bone and endochon- 
dral ossification  o f  tibia produced by an acute  
intoxication with uranyl nitrato have recently  
been  reported by us (14).

T he aim  o f  this experim ent w as to  study ra- 
diographically , histo logically  and histom etri- 
cally, the effect o f  the acute intoxication  with 
uranyl nitrate in a form ing b o n e. For that rea- 
son post-extraction alveolar w ound healing  
w as used  as a m odel o f  active osteogen esis.



M aterial and m ethods

Twenty-two male Wistar rats weighing 90 g 
were anesthetized with an intraperitoneal in- 
jection of sodium pentobarbita l (0.025 g/kg of 
body weight). In o rder  to obtain a representa- 
tive tissue with active osteogenesis free of in- 
terferences, the 3 left mandibular molars 
were extracted.

The extractions were perform ed with the 
aid of two enamel hatchets; one of them was 
used as a dental elevator, the o ther  was sharp- 
ened for use as a syndesmotome. In all cases 
the complete extraction of the 3 molars was 
achieved. No bone adhered  to the extracted 
teeth. This fact was corroborated  by observa- 
tion under  a stereoscopic microscope. Neither 
special diet ñor antibiotics were administered.

A fter the extractions the animals were sep- 
arated  into 2 groups. O ne group of 11 control 
animals received no further treatm ent.  The 
second group of 11 experimental animals im- 
mediately post-extraction were injected intra- 
peritoneally with 2 mg/kg body weight of ura- 
nyl nitrate (238U) dissolved in tr ismaleate 
buffer pH  7.2 (0.02% w/v).

All the animals were killed 14 days after the 
tooth extractions by e ther inhalation. The 
jaws were fixed in 10% v/v formalin solution 
radiographed using mammagraphic film and 
decalcified in EDTA 10% w/v pH 7. The left 
and right jaws were then placed side by side 
and a buccolingual section, parallel to the 
mesial surface of the right first molar, was 
performed. The left jaws were em bedded  in 
paraffin, seetioned and stained with hematox- 
ylin and eosin. The first molar mesial socket 
was chosen as it is one of the biggest of the 
three mandibular molars.

Histometric measurem ents based on stan­
dard stereological methods (15-20) were pe r­
formed using an image analysing system 
(Kontron M O P A M  03) on tracings obtained 
from projections of the sections. Bone forma- 
tion and bone resorption zones observed mi-

croscopically were transferred to the corre - 
sponding zones on the tracings.

The following histometric determinations 
were carried out:
I) Total alveolar volum e: considered as the 
bone tissue and its marrow spaces situated 
above a line a drawn tangential to the upper 
cortical portion of the mandibular canal 
(point A) and perpendicular to the external 
surface of the buccal píate (Fig. 1).
II) Volume density: considered as the ratio 
between the trabecular area and the bone 
area measured in the rectangle A CFI outlined 
on the apical third of the socket (Fig. 2). This 
was determined as follows: Point A: as was 
described in 1.

Fig. I. Dotted zone represents the area measured 
for the total alveolar volume above line a. V: ves­
tibular píate; L: lingual píate; 1: alveolus; 2: mandi­
bular canal; 3: growing incisor.



Fig. 2. The drawing represents the alveolus (1) im- 
mediately after the extraetion. Points ACFI deter­
mine the rectangle used for the measurements in 
the apical third. (2): mandibular canal; (3): growing 
incisor.

Point C: on the line a equidistant from A  and 
B. Intersection of line a and the cxternal buc- 
cal píate gave rise to point B.
Point F: the segment obtained by joining C 
with the top point of the vestibular crest (D) 
was divided in thirds. This determined points 
E and F.
Point I: the segment D G  was drawn joining 
the top point of the lingual crest (G) with 
point D. Point H was determined on the mid- 
dle of this segment, thus, giving rise to seg­
ment H C  which coincides with the middle of 
the socket. A  line perpendicular to segment

CD was drawn from F to the intersection with 
segment H C  giving rise to point I and segment 
IA.
III) Percentage o f  bone form ation  and bone 
resorption areas: both were measured on the 
bone surface of marrow spaces and on the 
bone surface of the alveolar ridge. Those 
areas covered by an osteoid band with cuboi- 
dal osteoblasts were considered as bone for­
mation areas, while erosive zones were con­
sidered as bone resorption areas and the re- 
maining bone was considered as bone at rest. 
Bone formation and bone resorption areas 
were determined separately in the total bone 
surface si tuated above the line a (Fig. 1) and 
in the rectangle A C FI (Fig. 2).

The absolute valúes obtained from the 
areas of resorption, formation and rest were 
then expressed as a percentage of the total 
bone perimeter of marrow spaces and alveolar 
ridge.

The histometric valúes obtained were ana- 
lyzed statistically using the nonparametric 
Mann-Whitney U test (21), valúes of P <  
0.004 were accepted as being statistically sig- 
nificant. Only one section of each block was 
used. It has been demonstrated  (17) that data 
thus obtained, adequately represent the para- 
meters measured and are suitable for statis- 
tical purposes. We have recently reported  that 
the use of this methodology for the study of 
alveolar wound healing affords highly uniform 
valúes (20).

Results

The roentgenographic appearance was of a 
hom ogeneous radioopaque area occupying 
the edenta te  alveolar ridge of control animals 
14 days after the molar extractions, whereas 
in injected animals the alveoli were clearly 
distinguishable by their radioluscent images 
(Fig. 3).

This histological study showed a great dif-



Fig. 3. Radiographic appearance 14days 
after the extraction. Upper: control; 
lower: experimental.

ference in thc alveolar structure of experi­
mental animals when compared to their Con­
trols, as the tracings in Fig. 4 show. The histo- 
logic sections corresponding to control 
animals showed a socket almost totally filled 
by reticular bone whose trabecular surfaces 
showed an intense bone activity. Bone forma- 
tion areas were observed both on the bone 
surface of marrow spaces and on the bone sur- 
face of the alveolar ridge. O ver the woven tra- 
beculae a mature connective tissue was ob­
served while the overlying mucous mem brane  
was completely healed.

In injected animals the histological study 
showed that the alveolus was almost totally 
occupied by granulation tissue. Only on the 
apical fundus of the alveolus newly formed 
woven trabeculae were seen. In 5 of the 11 
cases, cartilage tissue was observed on the ex- 
ternal surface of vestibular crests (Fig. 5).

In the upper zone of the lingual crest of 
both control and experimental animals, few 
bone resorption areas with typical osteoclasts

were presented  while no bone resorption 
areas were seen in the apical third.

Histometrical measurem ents performed in 
the total alveolous as well as those obtained in 
the apical third showed a clear inhibition of 
bone formation in intoxicated animals (Table 
1).

Total bone volume, volume density and 
bone formation surfaces were significantly 
lower in injected than in control animals. The 
differenees between all these measurements 
were statistically significant in every case.

No differenees in bone resorption areas 
were established.

Discussion

Alveolar wound healing provides a suitable 
model for the study of bone formation and 
can be considered a sensitive indicator of 
bone damage under  different experimental 
conditions. Complete  extraction of rat molars



Fig. 4. Tracings showing sections o f the 
alvcolus at first molar mesial root level. 
A: control; B: experimental; V: vestib­
ular píate; L: lingual píate.
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Fig. 5. Cartilage was observed in some 
cases o f ¡njected animáis on the exter- 
nal surface o f the vestibular crest.

Table 1. H istom etric study in I4lh-day healing sockels.

N on-intoxicated Animáis intoxicated p
animals with uranyl nitrate U test

Total bone volume 34 x  10' u m 15 x  10' (rnr 0.004*

Volume density o f bone 
(Apical third)

0.40 0.30 0.004*

Percentage of bone formation 
(Total alveolus)

19.00 5.00 0.004*

Percentage of bone resorption 
(Total alveolus)

1.00 1.00 0.4605

Percentage o f bone formation 
(Apical third)

33. (X) 10.00 0.004*

Percentage of bone resorption 
(Apical third)

~ “ —

’ statistically significant.



was reported lo be quite difficult (22-24), but 
the surgical technique used in this work 
avoided such a problem. It offers the possibil- 
ity of studying the proeess of the alveolar 
wound healing after tooth extraction without 
the interference of radicular rests.

In a previous histologic and histometric 
study the greatest proportion of bone forma- 
tion in alveolar wound hcalings in rats was 
proved to appear 14 days after tooth extrac- 
tion (20).

Data obtained in this experiment elearly in- 
dicated that uranyl nitrate alters the healing of 
soekets after tooth extraction by inhibition of 
bone formation. The use of standard histo­
metric methods (18) repeatedly proved in al­
veolar bone (15,16,19,20) revealed this effect 
in every param eter considered,

The curious eartilage formation found in 
the vestibular crest in 5 of 11 cases could be 
due to a chondroblastic differentiation of per- 
iosteal osteoblasts. It could be explained as 
a delay in bone formation associated with the 
mechanical action of the masticatorv activitv 
or by non-specific toxic action of the uranyl 
nitrate.

Most of the uranium isotopes are con­
sidered to be a chemical ra ther than a radio- 
logical hazard (9,11). There are extensive 
data on the toxicitv of uranium compounds in 
different tissues (1-4,9,11). Because the ra- 
dioactivity of the uranyl nitrate can be con­
sidered negligible, the alterations in bone for­
mation found here could be attributed to the 
chemical toxicity of the heavy metal.

Twenty-five percent of the uranium admin- 
istered systemically is deposited in the skel- 
eton (23). Its distribution is quite similar to 
that of calcium (11) while it binds as “hot 
spots” to newly formed bone (11,12). In 
chronic exposures to uranium. bone retains 
the greatest amount and replaces kidney as 
the critical organ (9). Taking into account this 
data, and the eellular alterations found in kid­
ney caused by uranyl nitrate (5) and in skin

caused by soluble and insoluble uranium salts 
(6) it could be inferred that the acute intoxica- 
tion with uranyl nitrate could cause preoste- 
oblastic and osteoblastie damage. This could 
explain the inhibition of bone formation 
found here.
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