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An experimental  model of f luorosis  obtained in rats  by daily subcutaneous injection of so-  
dium fluoride solution in doses of 0.03, 0.1, and 1.2 mg/100 g body weight for 206 days was 
used to provide mater ia l  for studying the thyroid and parathyroid glands. The experiments 
showed that fluorine has a slight thyrostat ic  effect. Hyperplasia of the pale cells of the 
thyroid and ofthe epi thel ialcel ls  of the parathyroid gland was observed.  

The intimate mechanisms of fluorine poisoning, especial ly those associated with activity of the en- 
docrine glands, have been inadequately discussed in the l i terature  and require  fur ther  study [2-4, 7, 9]. 
The question of whether the toxic action of fluorine on the organs and t issues is direct  or  indirect,  through 
a disturbance of the functions of the endocrine glands, especially the thyroid and parathyroid  glands, still 
remains  unanswered. 

It was therefore  decided to study the effect of fluorine on the development of changes in these glands. 

EXPERIMENTAL METHOD 

Sodium fluoride solution in doses of 0.03, 0.1, and 1.2 rag/100 g body weight was injected subcutane- 
ously, daily, into ]79 albino rats of both sexes weighing initially I00 -~ 20 g. The first two doses were given 
for 206 days (Ist and 2nd groups), the third for 60 days (3rd group). The control group consisted of 26 rats 
kept under the same conditions but not receiving sodium fluoride. Organs from the animals of the first 
two groups were investigated after sacrifice on the 33rd, 69th, 103rd, 131st, 166th, and 206th day of poison- 
ing, and those of the third group on the llth, 28th, and 56th days. In the after-period of fluorine poisoning 
the investigations were carried out on the 9th, 29th, 66th, and 135th days and on the 7th and 123rd days 
respectively for the animals of these groups. 

Fluorosis of the teeth of the rats of the first two groups was observed 2-2.5 months after the beginning 
of the experiment, while in adose of 1.2 mg these times were shortened to 2 weeks. For a more objective 
evaluation of the changes which were discovered in the thyroid gland, the following parameters were deter- 
mined: I) the diameter of 30 follicles; 2) the height of the follicular epithelium; 3) Braun's index (the ratio 
between the diameter of the follicle and height of the thyroid epithelium); 4) the number of pale parafollieular 
cells per 10 fields of vision. In the parathyroid gland the area of the cell and nucleus was determined. The 
results were analyzed by statistical methods. 

E X P E R I M E N T A L  R E S U L T S  

Under the influence of low and, in par t icular ,  of high doses of sodium fluoride large areas  of hype~- 
plasia,  accompanied by degenerative changes, were observed in the thyroid. Prol i fera t ion affected mainly 
the interfoll icular  cells.  Only the differences in height of the foll icular epithelium in the period of poison- 
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Fig. 2. Diagram showing mean indices for number of pale 
cells in all groups of the experiment. 

Fig. 3. Diagram showing mean indices of area of cytoplasm 
and nucleus of epithelial cells of the parathyroid gland in all 
groups of the experiment. 

ing were significant (t > 2; P <0.05) in the animals of the first two groups, when poisoning was of long dura- 
tion (up to 206 days). Braun's index also was increased in these experimental groups, but the difference 
was not statistically significant. However, this could still be evidence of a definite tendency for thyroid 
function to be depressed. 

Meanwhile changes were discovered in the pale parafollicular cells of the thyroid. These cells were 
observed in the wall of the follicles, in the interfollicular pads, and in the zone of contact between follicles. 
They were nonpolar, had no contact with colloid, were arranged in parafollicular groups of 2-3 or, rarely, 

3-5 cells, and as a rule they had direct contact with the capillary wall. Their nuclei were large and round. 
The mean diameter of the pale cell and its nucleus was 17 and 7 g, and their area 221 and 44 #2. The cor- 

responding figures for the follicular cellswere ii and 6 #, and 80 and 33 #2 (for material fixed in Carnoy's 
solution). The cytoplasm of the pale cells was poorly stained by acid dyes (Fig. I). 

Mean values for the number of pale cells in all groups of the experiment are shown in the diagram 
(Fig. 2). A definite relationship was established between the increase in number of pale cells and the dose 

and duration of poisoning. The most demonstrative increase in their number was observed in the first two 
groups of the experiment, and this also was evidently related to the duration of poisoning. The sharp in- 

crease in the number of pale cells observed in the experimental rats compared with the controls was stat- 
istically significant (t > 3; 13 < 0.05). 
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The effect of fluorine on the state of the parathyroid gland was judged from the change in the a rea  
of the cytoplasm and nucleus of the epithelial cells.  Thei r  mean indices are  given in Fig. 3. The diagram 
shows that the same relationship holds between the a rea  of the epithelial cells and the duration of poison- 
ing. Statistical analysis of the resul ts  demonstra tes  that the differences between experiment and control  
a re  significant (t > 2; P < 0.05), evidence of a s t ra in  on parathryoid function. 

The mechanism of action of fluorine on the animals organism is complex. Fluorine has a mild thyro-  
static effect. The hyperplast ic  react ion which was observed is a manifestation of the general  adaptation- 
reflex response to lowering of the iodine balance, just as is observed in a focus of epidemic goiter.  This 
state of affairs is in agreement  with the previously established fact that fluorine has a direct  depressant  
effect on the absorption of inorganic iodine [10]. 

In an experiment s imi lar  to that now descr ibed [7], s imi lar  changes in the thyroid were  explained by 
an increase  in the secre t ion of thyrotropic  hormone.  

Like thyrotropic  hormone,  fluorine st imulates the oxidation of glucose and phospholipid metabolism 
in the lobes of the thyroid gland, and also activates adenylcyclase in a thyroid t issue homogenate. However, 
unlike thyrotropic  hormone,  fluorine does not cause the intracel lular  formation of colloid droplets,  as has 
been demonstrated previously [13]. 

Changes in the roentgenologic picture of the skeleton found in the experimental  animals are  evidence 
of a disturbance of calcium and phosphorus metabolism in chronic fluorine poisoning. This metabolism is 
regulated by two hormones:  para thormone secre ted  by the parathyroid and thyroealcitonin secreted by the 
pale cells of the thyroid [11]. However, the existence of yet another hypocalcemie hormone,  with a different 
molecular  weight and amino-acid  composition, has now been reported [6]. 

The presence  of s imi la r  resorpt ion cavities in osteitis f ibrosa  cyst ica  produced by hyperact ivi ty of 
the parathyroid  glands and by skeletal f luorosis  prompted [8] an e lec t ron-microscopic  investigation of the 
parathyroid  glands of sheep with f luorosis ,  with the simultaneous determination of the blood level of pa ra -  
thormone.  This investigation showed that the parathyroid gland is hyperact ive in f luorosis .  

In the light of the new data concerning the active part icipation of the pale parafol l icular  cells of the 
thyroid gland in chronic fluorine poisoning obtained in the present  investigation, the pathogenic link between 
changes in the studied glands can be r ep resen ted  as follows. Hyperplasia  of the parathyroid gland with 
hyperproduction (5 t imes more  than normally) of para thormone [8] activates the compensatory  and adapta- 
tive mechanisms of the body. In par t icular ,  the pale cells of the thyroid, which secre te  thyrocalcitonin,  
an antagonist of parathormone,  undergo hyperplasia.  At a cer tain stage this mechanism balances the p ro -  
cesses  of elimination of calcium from the bones and its deposition in them. This explanation of the action 
of fluorine is also supported by numerous facts indicating that the serum calcium level is unchanged in both 
man and animals with f luorosis  [1, 5, 8]. 

In this connection the wri ters  consider  that in skeletal  f luors is  new bone t issues  is formed,  not through 
the stimulant effect of para thormone [12, 9], but through the influence of thyrocalci tonin.  It has also been 
postulated [12] that fluorine induces a special  form of secondary hyperpara thyroidism.  This hypothesis 
was confirmed by the resul ts  of the present  experiments on chronic fluorine poisoning. 

Experimental  f luorosis  in ra ts  is thus accompanied by a secondary hyperpara thyroid ism and by an 
increase  in the number of specific pale cells in the thyroid, secret ing thyrocalcitonin.  
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