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Marked morphologica l  and functional changes in the kidneys were  found in r a t s  rece iv ing  
sodium fluoride daily by subcutaneous injection in a dose of 12 mg/kg for  12 weeks .  

Chronic f luoros i s  in man is  known as an endemic or  occupational  d i sease .  In connection with the in- 
c r ea s ing  use  of f luor ine-conta ining compounds,  elucidation of the pathogenesis  of f luoros i s  is an i nc rea s -  
ingly urgent  task .  F luor ides ,  on enter ing the body, a re  par t ly  deposi ted in the calcif ied t i s sues  and ex- 
c re t ed  in the ur ine  or  feces .  This  accordingly points to a lesion of the kidneys as  a poss ib le  r e su l t  of the 
inc reased  intake and e l iminat ion of f luorine [5, 10, 11]. 

Beeanse of the conflict ing c h a r a c t e r  of data  in the l i t e r a tu re  on this  p rob lem,  the kidneys were  in- 
ves t iga ted  in r a t s  with chronic  sodium fluoride poisoning. 

E X P E R I M E N T A L  M E T H O D  

Sodium fluoride in a dose of 12 mg/kg was  injected daily subcutaneously for  12 weeks  into 90 male  
albino r a t s  initially weighing 120~20 g. For ty  an imals  we re  examined for  12 weeks  a f t e r  the end of sodium 
fluoride adminis t ra t ion  (the r e c o v e r y  per iod) .  The control  cons is ted  of another  40 an imals  kept under  the 
same  conditions but not rece iv ing  sodium fluoride.  The r a t s  we re  sac r i f i ced  by decapi tat ion at  dif ferent  
t imes :  4 h, 2 days,  and 1, 2, 4, and 12 weeks  a f te r  the beginning of poisoning, and also 1, 4, 8, and 12 
weeks  a f t e r  the end of sodium fluoride adminis t ra t ion .  The kidneys were  fixed in cold 10% formal in ,  and 
p ieces  of kidney t i s sue  were  embedded in paraff in  wax. Longitudinal sec t ions  were  cut through the center  
of the papi l la  and s tained with hematoxyl in -eos in ,  with Heidenhain 's  azan,  and by the combined Rit ter--  
Oleson method, and a lso  impregnated  with s i lve r  by G o m o r i ' s  method. Sections cut on the f reez ing  m i c r o -  
tome were  stained with Sudan HI and Sudan black.  Activity of ATPase  and alkaline and acid phosphatases  
was  de te rmined  h is tochemica l ly  in 60 an imals  af ter  poisoning for  2 days,  and 2, 4, and 12 weeks,  and again 
in the r e c o v e r y  per iod  1, 4, and 12 weeks a f te r  the end of poisoning. In f rozen  sect ions  ATPase  act ivi ty 
was  de te rmined  by the method of Wachstein and Meisel ,  acid phosphatase  act ivi ty  by the use  of naphthol 
A S - B S  phosphate in incubation fluid at  pH 5.2, and alkaline phosphatase  by the use  of naphthol AS-TR 
phosphate in incubation fluid at pH 9.0 [9]. 

EXPERIMENTAL RESULTS 

Postmortem examination of rats receiving fluorine for longer than 4 weeks and of rats before the 
4th week of the recovery period showed a sharp decrease in the quantity of paranephric adipose cellular 
tissue. The kidneys were livid or brownish in color and slightly thickened. 

The presence of acid mueopolysaccharides (AMP) in the interstitial tissues and their distribution in 
the papilla of the renal medulla are known to reflect the functional state of the countercurrent concentrat- 
ing system of the kidneys, responsible for the distal reabsorption of free water [i, 2, 8]. Histological ex- 
amination of the kidneys of the rats sacrificed 4 h after a single dose of sodium fluoride revealed the al- 
most complete disappearance of reactions for AMP in the middle and distal parts of the papilla (Fig. ib). 
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Fig. 1. Content of AMP in in te rs t i t ia l  t i s sue  at the apex of the 
rena l  papi l la  of a r a t .  a) Control;  b) absence of AMP (4 h af-  
t e r  injection of sodium fluoride);  c) low content of AMP (after  
poisoning for  4 weeks) .  R i t t e r - -O le son ' s  stain,  500 x .  

Fig.  2. Argyophil ia  of the s t r o m a  of a 
rena l  papi l la:  a) Control;  b) a f t e r  poi-  
soning for  12 weeks .  Gomor i .  500 x 

The p r e s e r v a t i o n  of AMP in the p rox imal  pa r t  of the papi l la  
and in the g lomerul i  indicates  the functional s ignif icance of 
this  phenomenon, which co r r e sponds  to changes obsemTed af-  
t e r  prolonged wa te r  deprivat ion or a f te r  admin is t ra t ion  of 
pi tu i t r in  P [3]. Dilatat ion of the lumen of the cap i l l a r i e s  in the 
dis ta l  pa r t  of the papi l la  supplements  the h is to logica l  p ic ture  
of max ima l  dis ta l  reabsorp t ion .  The epi thel ium of the distal  
por t ions  of the collect ing tubules and the ducts of Bellini  we re  
swollen, with a cons iderable  inc rease  in the number  of ce l l s  
with a wide, pale,  pe r inuc lea r  zone. The cell  boundar ies  w e r e  
not c l ea r ly  s tained by hematoxyl in  and eosin,  but w e r e  suffi-  
cient ly c l ea r ly  v is ib le  a f te r  the PAS reac t ion ,  and on staining 
with Sudan b lack  they appea red  wide. The apex of the papi l la  
in the exper imen ta l  an imals  s tained much m o r e  weakly with 
eosin than in the control  an imals .  

In r a t s  sac r i f i ced  a f te r  admin is t ra t ion  of sodium flu- 
oride for  2 days,  no significant d i f ferences  f r o m  the control  
an imals  we re  found. P e r s i s t e n t  changes in the rena l  medul la  

were  vis ible  a f t e r  poisoning for  one week.  The c l e a r e s t  changes were  a m a r k e d  dec rea se  and, in some 
ca se s ,  the complete  absence  of AMP in the region of the apex of the papi l la  (Fig.  le ) .  The p rox ima  and 
cen t ra l  accumula t ion  of AMP in the papi l la  continued at a w e l l - m a r k e d  level .  Some c o a r s e n e s s  of the PAS-- 
posi t ive ba semen t  m e m b r a n e s  was  obse rved  at the same  t ime  along the whole axis  of the papil la .  The cy-  
t op l a sm of the in te rs t i t i a l  ce l l s  when stained by the PAS method a s sumed  var ious  shades of pink. In eve ry  
case  the AMP of the g lomerul i  showed no significant d i f ference f r o m  that  of the control .  

In the r e c o v e r y  per iod,  the opposite p ic ture  of AMP dis t r ibut ion was obse rved  in the in te rs t i t ia l  t i s -  
sues of the papil la,  and it r ema ined  until the 4th week.  La te r ,  the no rma l  d i s t r i b u t i o n o f A M P w a s r e s t o r e d .  

The p re sence  of l ipids in the in te rs t i t ia l  ce l l s  of the papi l la  is a s soc ia ted  in the l i t e r a tu r e  with the 
concept  of a substance of in ternal  s e c r e t o r y  nature ,  posses s ing  local  v a s o d e p r e s s o r  action [6, 7]. In the 
p re sen t  exper iments ,  in the f i r s t  s tages  of f luorine poisoning, the ord inary  dis t r ibut ion of l ipid granules  
was  found both in the ce l l s  and around the cap i l l a r i e s .  However ,  a f te r  the 4th week of poisoning the num- 
b e r  of lipid granules  was  sharply  reduced.  In the r e c o v e r y  per iod  a gradual  accumulat ion of pseudonophil ic 
granules  was  obse rved  in the in te rs t i t ia l  t i s sue s  of the papil la .  

His tological  invest igat ion of ATPase  act ivi ty in the kidneys showed no significant d i f fe rences  between 
the exper imenta l  and control  s e r i e s  e i ther  during poisoning or  during the r e c o v e r y  per iod.  Alkaline phos-  
pha tases  act ivi ty in the poisoning was  apprec iably  reduced  by compar i son  with the control .  In the r e c o v e r y  
per iod  the act ivi ty  of this enzyme in the exper imen ta l  an imals  r e tu rned  to no rma l  a f te r  the 4th week.  Acid 
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phosphatase activity also was h igher  than in the control  animals throughout the period of poisoning and 
until the 4th week of the r e c o v e r y  per iod in the exper imental  animals .  

The f ibrous basis  of the inters t i t ia l  t issue of the papilla, including the basement  membranes ,  showed 
distinctive changes. In sect ions stained with I teidenhain 's  azan, s tar t ing with the 4th week of the period of 
poisoning and at all t imes  of the r ecove ry  per iod studied, the f ibrous s t ruc tu res  of the papilla were  c o a r s e r  
in nature.  In sect ions impregnated with s i lver  by Gomroi ' s  method, a marked  increase  in the coa r seness  
of the argyrophi l ic  skeleton likewise was found (Fig. 2). 

After the 4th week of the per iod of poisoning, bes ides  degenerat ive changes in the epithelium of the 
distal  port ions of the collect ing tubules and the ducts of Bellini,  in individual cases  c lea r  signs of regen-  
era t ion  were  observed  in the epithelium, in the form of a reas  of a double row of epithelial ce l ls  containing 
tiny hyperehromic  nuclei .  This picture  was found until the 4th week of the r e co v e ry  period.  The absence 
of a constantly visible regenera t ive  p rocess  in the renal  epithelium in the ea r l i e r  stages of poisoning can 
be at t r ibuted to the rapid regenera t ion  of the epithelium of the renal  tubules, which is usually complete 
within a few hours  [4]. Evidently signs of pathological regenera t ion  could be seen only in the more  ad- 
vanced injur ies  associa ted  with the cumulative p roper t i es  of f luorine.  Since the epithelial lining of the 
distal  par t  of the collecting tubules was most  severe ly  affected, and it was there  that signs of pathological 
signs of regenera t ion  were  visible,  it can be postulated that the f luoride concentrat ion in the ur ine was 
highest  in these par t s  of the kidney. 

In ra t s  investigated in metabol ism cages during chronic sodium chloride poisoning, an increase  of 
2-2.5 t imes  in the d iures i s  accompanied by a pers i s ten t  lowering of the specific gravi ty of the urine were  
found [5]. The concentrat ion of organic substances in the ur ine also was high; these were  principally 
ni trogenous substances requi r ing  large  volumes of wate r  for  the i r  el imination.  Under these conditions the 
wa te r  content of the body natural ly  becomes  depleted, and one of the mechanisms of i ts compensat ion is an 
increase  in the distal  reabsorp t ion  of f ree  water .  

The histological  and his tochemical  investigations thus showed that chronic f luorine poisoning is ac-  
companied by marked  morphological  and functional changes in the kidneys. 
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