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Su m n u irv  T h e  a l te ra t io n  o f  b o n e  fo rm a t io n  by un acu le  in to x ic a d o »  wilh u rany l  in t ra te  is d e m o n s l r a l e d  by h is to log ic  a n d  
h is lo m e tr ic  m e th o d s .  W h e n  c o m p a r e d  with the  Controls,  in tox ica ted  a n im a ls  show ed  a m a rk ed ly  low er  dens i ty  ín hea l ing  sockets ,  
while b o n e  fo rm a t io n  w as  reduced  in hea l ing  socke ts  as  wetl as  in m e tap h y s ea l  b one

T h e  in c o rp o ra t io n  o f  u r a n iu m  c o m p o u n d s  by b one  tissue has 
been d e m o n s l r a l e d  by d ifferent  m e th o d s ;  b ioch em ica l2'4, au to -  
r a d io g ra p h ic 5 7, n e u t ró n  ac t iv a l io n  analys is8 a n d  X - ray  m icro- 
ana ly s is9. A  large p r o p o r t io n  o f  the  u r a n iu m  injected is depos-  
ited in b o n e  tissue, in w hich  u r a n iu m  is fo und  in s ignifican! 
a m o u n t s  a f te r  long pe r io d s  o f  t im e 1, a n d  it is con s id e red  the 
critical o rg a n  in c h ro n ic  ex p o s u res4. A u to r a d io g ra p h ic  s tudies 
have  d e m o n s l r a l e d  the p r im a ry  d e p o s i t io n  o f  u r a n iu m  o n  en- 
d o s ta l ,  per ios ta l  a n d  h avers ian  su r faces7, p a r t icu la r ly  in calci- 
fying zuñes. All this in fo rm a t io n  clear ly  ind íca les  a re la t ion-  
sh ip  be tw een  u r a n iu m  d ep o s i ts  a n d  b o n e  fo rm a t io n .  Never-  
theless,  the re  is n o  refe rence to  the ch a n g e s  p ro d u c e d  in b o n e  
tissue by u r a n iu m  in tox ica t ion .  H ere  we presen! a h isto logic  
a n d  h is lo m e tr ic  s tu d y  c o n ce rn in g  the el'fect o f  acu te  in to x i ­
c a t io n  with  u rany l  n i t ra te  on  fo rm a t io n  o f  b one  tissues. 
M a teria l and  m ethods. 22 m aie  W is ta r  ra ts  w eigh ing  90  g were 
em p lo y e d  All a n im a ls  h ad  the 3 left m a n d ib u la r  m o la r s  ex- 
t r ac ted  u n d e r  N e m b u ta l  anes thes ia  (0 0025 g /k g  b.wt). 11 o f  
these  a n im a ls  w ere injected i.p. with 2 m g /k g  b.wt o f  u rany l  
in t ra te  inuned ia te ly  a f te r  the  ex trac t ions .  T h e  rem a in in g  non-  
in tox ica ted  a n im a ls  were used as Controls.  All a n im a ls  were 
killed on  the 14lh d ay  by e lh e r  in h a la t ion .
I ib ia e  a n d  ja w s  were fixed in 10%  n eu tra l  fo rm alin ,  decal- 

cified in E D 1 A  a n d  processed  to  be e m b e d d e d  in paraff in .  
O n e n t e d  sec t ions  were s la ine d  w ith  h em atoxy l in -eos in .  H is to -  
in e ln c  m e a s u re m e n ts  were inade  on p ro jec t io n s  o f  these sec- 
l ions using a n  im age  an a ly z in g  system ( K o n t r o n  M essgerá te  
M U I ’ A M  03 C'arl Zeiss). Bone fo rm a t io n  zones were obse rved  
nuc to sco p ica l ly  a n d  d r a w n  in the c o r re s p o n d in g  zo n es  o f  the 
l iacm g s
1 he m e a s u re m e n ts  were p e r fo rm e d  on  the cen t ra l  a rea  
ol m e tap h y s ea l  b o n e  (fig . 1) a n d  on  ihe apical  Ihird  o f  the 
rirst m o la r  mesia l r o o t  in the  b u ceo - l ingua l  m idd le  area .  T h e  
h is lom e tr ic  analys is  w as based  on  s t a n d a rd  s te reological  nieth-
■■ds"’
I he p a ia m e te r s  s lud ied  in t ibiae were: a) pe rcen lag e  o f  b one  
’o i m a t i o n  su r face  o f  the  to ta l  t r a b e c u la r  b one ,  con s id e r in g  
b one  fo rm a t io n  surfaces  as  thosy  c ove red  by o s te o id  tissue a n d  
kiiboidal  o s te o b la s ls ;  b) v o lu m e  dens i ty  o f  t r a b e c u la r  b o n e  
(Vv),  con s id e red  as  ihe ra l io  belw een  t r a b e c u la r  a rea  a n d  to ta l  
a r e a ,  c) w id th  o f  t r ab ecu lae  laken  on  the line O H  i raced  para l-  
el ni se gm en t  I I in the m idd le  o f  zone  I In the socke ts  the 

n a ia m e te r s  ana lysed  were: a) p e rcen lage  o f  b o n e  fo rm a t io n  
■.•irlace a n d  b) v o lum e dens i ty  of t r a b e c u la r  bone.
Ht sults T h e  h is to logic  sections o f  t ibiae show ed  a n  a l tered  ar- 
. Iv 'oc tu re  o f  ihe m e tap h y s ea l  zone in injected an im als .  The 
mosi  s ln k in g  f ind ing  w as a m a rk e d  s h o r te n in g  o f  the meta-  
phvseal  b o n e  I lieir t rab ecu lae  were s h o r te r  a n d  w ider  (sealing 
t r ab ecu lae )  th a n  in ihe Controls,  while o s teob la s t ic  a reas  were 
less f rcquc iu

T h e  h is lom etr ic  analys is  d e m o n s l r a l e d  tha t  the percen tag e  o f  
b o n e  f o rm a t io n  a re a s  in the cen tra l  zone  o f  m e tap h y s ea l  b o n e  
was signif icantly  low er  in ex p e r im en ta l  th a n  in c o n t ro l  
an im a ls ,  p a r t icu la r ly  in sec to r  III ( tab le  1, fig. 1).
T h e  m ean  valúes o f  the v o lum e  dens i ty  o f  t r a b e c u la r  b o n e  in 
zone  C D K F  were 0.21 ±  0.03 for  c o n t ro l s  a n d  0.24 ±  0.02 for  
ex p e r im en la l  a n im a ls  (p <  0.005) ( tab le  2). N ever theless ,  in 
sec to r  III o f  th a t  zone ,  Vv w as  signif icantly  low er  in ex p e r i ­
m en ta l  a n im a ls  th a n  in Contro ls  (fig. 1).

Kigure 1. The area (.'[M E considered for Ihj measurements was traced 
on tlie projeelions Two lines a and b parallel to the diaphysis and 
tangem s lo ihe point o f  unión between the cortical-bone and the epi 
physeal canilage were drawn. I.me c was drawn perpendicular lo these 
lines and langent to the lower edge o f  the epjphyseal cartilage Segment 
AB was Ihus determined and divided in tlnrds: AC, C D  and DB. The 
Imes d and e were drawn parallel lo the lines a and b from the points C 
and D A line parallel lo the lower edge ol the cartilage was drawn 24 
cm from H, definmg ponas I- and f- where it intersects lines d and e. 
I'he 24 cm are equivalen! o f 40IX) jim, which correspond to the mean 
valué oi the distance between the lower edge of the carltlage and ihe 
lower end o f  the bone trabeculae obtained from C on tro ls. The central 
sector o f subchondral bone is thus iitnited by the points C .D .F  and E. 
This area was divided uuo three zones: I, II and 111 by dividing the 
altitude Df- im o thirds and drawing lines parallel lo the lower edge o f  
the cartilage.

l.ih le i H isioniem c analysis m subchondral zone. Percentage o f  bone 
lorm ation surlaces

Sector 1 
Seclor 11 
Seclor III 
Mean valué

Control animals Experimenlal animals p

95.41 ± 1 .11
3.5.1 ± 0.90
1.01 ± 0.67 

24.63 ±  4.33

97.67 ±  0.75 
2.20 ± 0 .5 2  
0.12 ± 0 .2 4  

19.99 ±  2.08

All valúes ±  SD.

< 0.01
<  0.025
< 0.025
< 0.001

Table 2 H islom etric analysis in subchondral zone. Volume density o f  
trabecular bone

________________ C onlrol animals Experimenlal animals p
Sector f 
Sector 11 
Sector III 
Mean valu

0.48 ±  0.05 
0.13 ± 0 .0 4  
0.04 ±  0.01 
0.21 ± 0 .0 3

0 56 ± 0 .0 3  
0.16 ± 0 .0 4  
0.008 ± 0 .0 1  
0.24 ± 0 .0 2

< 0 .0 5  
< 0 .0 5  
< 0.001 
<  0.005

All valúes ±  SD.



figu re 2. Trabecula corrcsponding to the healing Socket oí* an•intoxi- 
cated animal. N o forming activity is showcd on its sm lace. I1F. x700.

T h e  t r a b e c u la r  w id th  m eas  u red in se c to r  I (fig. 1) w as g rea te r  
in injected a n im a ls  (4.1 I n im  ±  0.41 S D )  l l ian  in Contro ls  (2.66 
m n i  ± 0 . 1 7  SD ).  T h is  fact ex p la ins  the  g r e a te r  va lúes o f  Vv for 
sec to rs  1 a n d  II in z o n e  C’D E F  (fig. I)
T h e  so c k e ts  o f  in tox ica ted  a n im a ls  w ere a ln ios t  eom p le te ly  oc- 
cu p ied  by p ro l i f e ra t in g  conn ec t iv e  tissue. A lew w oven  trabe-  
cu lae  with  sc an iy  b o n e  f o rm a t io n  sur faces  w ere o b se rv ed  occu- 
py ing  the  ap ica l  a lv eo la r  th ird .  S ocke ts  o f  no n - in jec ted  a n im a ls  
were  a lm o s t  to ta l ly  o ccu p ied  by w oven  b o n e  with  h igh  os teo-  
blas tic  ac t iv i ty  (figs 2 a n d  3). T h e  h is to m etr ic  d e te rm in a t io n s  
m the ap ica l  th ird  o f  the  e x t ra c t io n  w o u n d  heal ing  soc ke t  o f  
the injected a n im a ls  d e m o n s t r a t e d  th a t  the p e rcen tag e  o f  b one  
fo rm a t io n  sur faces  as  well as  b o n e  dens i ty  w ere r e m a rk a b ly  
low er  th a n  in the Contro ls  ( tab le  3).
D iscussion. O u r  results ind íca te  th a t  acu te  in to x ic a t io n  with  
u rany l  n i t ra te  p ro v o k e s  im p o r ta n !  a l t e r a t io n s  in b o n e  f o r m a ­
tion  T h is  e lfect  w as o b se rv ed  on  e n d o c h o n d r a !  o ss i f ica t ion  as 
well as  in a m ode l  o f  b o n e  heal ing  o f  e d e n ta te  alveoli . T hese  
results a re  s u p p o r t e d  by h is to logic  a n d  h is to m e tr ic  analys is .
I he use o f  h is to m e tr ic  m e th o d s  al low s the  q u a n t i t a t iv e  evalu-  

a t io n  o f  b o n e  a l te ra t io n s ,  a s  has been d e m o n s t r a t e d  else- 
w h e r e 1" 12 W ith  these m e th o d s  it w as d e te rm in e d  th a t  b one  
f o rm a t io n  su r faces  w ere s ignif icantly  reduced  in in tox ica ted

I able 3. H istometric analysis in healing sockets

Control animals Experimental animals p

Percentage o f  
bone formation
surfaces 19.55 ±  4.00 4.85 ±  2.60 <  0.001
Volum e density 
o f  bone in the
apical third 0.40 1  0.06________ 0.26 ± 0.04_____________ < 0 .001
All valúes ±  SD

f  igure 3. Trabecula corrcsponding to the healing Socket o f  a control 
animal. It shows a row o f  cuboidal osteoblasts covering the osteoid  
lissue. III., x 700

c o m p a r e d  with c o n t r o l  an im a ls ,  b o th  m the m c ta p h y s e a l  b one  
a n d  in hea l ing  sockets .
The m c ta p h y s c s  o f  in to x ica ted  a n im a ls  s h o w cd  signs o f d e p r e s -  
sed oss if ica t ion  as  revealed by the low er  p e rc e n ta g e  o f  b one  
fo rm a t io n  a rcas  w hen  c o m p a r e d  to  the  Controls. It w as  signi­
ficantly low er  pa r t icu la r ly  in sec to r  III (p <  0.001).  V o lu m e  
dens i ty  o f  m c ta p h y s e a l  b o n e  w as s ign if ican tly  lo w er  in sec to r  
III,  du e  to the d im in ish ed  length o f  its t r ab ccu lae ,  w h ich  causes  
a  v ir tua l  a b s cn ce  o f  b one .  S ec to r  III m uy  be con s id e red  repre- 
se n ta l iv e  for s tu d y in g  the effect  o f  u r a n iu m  o n  g ro w th  o f  epi- 
physe a l  b o n e  because  it m ay  be a s su m c d  th a t  the ir  t r ab ecu lae  
have  been  fo rm e d  d u r in g  the first 3 -4  d a y s  a f te r  the injection. 
T h ese  results  a re  in a c c o rd a n c e  with the f ind ings  in the  a lv e o ­
la r  so c k e ts  a n d  refiect d im in ish ed  o s tc o b la s t ic  b o n e  fo rm a t io n .  
The fo rm a t io n  o f  w oven  t rab ecu lae ,  w hich  n o rm a l ly  o c c u p y  
the a lveo lus  14 d a y s  a f t e r  to o th  e x t r a c t i o n 13, w as  v ir tua lly  ab-  
sent  in in to x ica ted  a n im a ls .  th u s  resu l t ing  in a  low er  v o lu m e  
b o n e  density .
In b o th  cases it m ay  be a s su m e d  tha t  the  d i f fe ren t ia t io n  o f  
o s te o b la s t s  o r  their  p re c u rso rs  is dep ressed  by the toxic agen t .  
C o n c o m i t a n t ly ,  th e  re m a in in g  o s te o b la s ts  m ay  fo rm  the sc an ty  
w oven  t r a b e c u la e  fo u n d  in the a lv eo la r  l 'undus a n d  the sealing  
t r a b e c u la e  which a p p e a r e d  in the  m e ta p h y s e a l  b one .  T h e  pres-  
ence  o f  sea ling  t r ab ecu lae  in se c to r  I ind íca les  th a t  b o n e  fo r ­
m a t io n  has  s to p p e d  a n d  exp la ins  the  in e rem en t  in the va lué  o f  
b o n e  dens i ty  fo u n d  in this sector.  O n  the o the t  h a n d  the de-  
c rease  o f  b o n e  r e so rp t io n  m a y  h ave  c o n t r ib u te d  to  these re ­
sults.
U n d e r  s im ilar  e x p e r im e n ta l  c o n d i t io n s  cell d a m a g e  has  been 
r e p o r te d  in k idney  a n d  s k i n 1'11'. Based o n  these d a t a  a n d  on  
the d e m o n s t r a t e d  re la t io n sh ip  betw een  b o n e  f o rm a t io n  a n d  
u r a n iu m  deposits* 5 7 o s te o b la s t ic  o r  p reo s teo b la s t ic  d a m a g e  
c a n n o t  be exeluded .
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