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The connection between changes in the pa ra fo l l i cu la r  s y s t e m  of the thyroid gland and in the 
bone m a r r o w  was studied in r a t s  with exper imenta l  thyro toxicos i s  induced by a d m i n i s t r a -  
tion of thyroid  and t r i iodothyronine.  In exper imenta l  thyro tox icos i s  bone me tabo l i sm is in-  
c r ea sed ,  and a pa l e - ce l l  hyperp las ia ,  leading to i nc rea sed  product ion of thyrocalei tonin,  
which f ixes ca lc ium in the bone t i ssue ,  develops in the t i s sues  of  the thyroid gland. 

A connection between the s ta te  of thyroid ftmction and changes in the s t ruc tu re  and me tabo l i sm of 
bone t i s sue  has  now been demons t r a t ed  [2, 5, 6, 8]. It was in 1891 that  Von Reckl inghausen [12] f i r s t  drew 
attention to skele ta l  decalcif icat ion in hyper thyro id i sm.  Convincing evidence [3, 9, 11] of changes in the 
ca lc ium and phosphorus  me tabo l i sm in les ions  of the thyroid  gland and, in pa r t i cu la r ,  in thyrotoxic  go i te r  
has  subsequently been published. 

The r ea sons  for  the re la t ive  s tabi l i ty  of the ca lc ium level  in thyro toxicos i s  b e c a m e  c l e a r  a f ter  the 
d i scovery  of a new thyroid hormone ,  thyrocalci tonin,  produced by the p a l e  pa ra fo l l i cu la r  cel ls  and inhibit-  
ing r e so rp t ion  of bone tiss,.le [7]. 

The object  of the invest igat ion desc r ibed  below was to study, by  his tological ,  h i s tochemica l ,  and e l e c -  
t r o n - m i c r o s c o p i c  methods,  changes in the pale  pa ra fo l l i eu l a r  thyroid cel ls  and in the bone t i s sue  during 
prolonged adminis t ra t ion  of thyroid or  t r i iodothyronine to animals .  

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

In the f i r s t  exper iment ,  thyroid was given by mouth to ten male  r a t s  weighing 180-190 g by adding it 
to the diet  at the ra te  of 300 mg p e r  animal  daily; ten o ther  r a t s  were  kept under  the s ame  conditions but 
did not r ece ive  thyroid (control). in the second exper iment ,  thyro toxicos i s  was induced in ten male  r a t s  
of the same  weight by adminis t ra t ion  of t r i iodothyronine (the French  p repa ra t ion  "Tr i thy ron , "  containing 
25 gg  hormone  pe r  tablet) by gas t r i c  tube in a dose of 5 gg  p e r  animal  daily for  the f i r s t  14 days,  and 
the rea f t e r  in a dose of 10/~g daily. In both expe r imen t s  the p repa ra t ions  were  given for  28 days. The 
an imals  were  weighed eve ry  week. At the end of the exper iment ,  under  e the r  anesthesia ,  blood was taken 
f r o m  the chambe r s  of the hea r t  and centr ifuged for  30 rain to obtain the se rum,  in which the ca lc ium con-  
cent ra t ion  was de te rmined  in mg/100 ml  s e r u m  by a co lo r ime t r i c  chelation method using f luorexon as indi-  
cator .  
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Fig. 1. Fig. 2 

Fig. 1. Area  of cy top la sm of thyroid pa ra fo l l i cu la r  cell. Thyroca le i ton in  g ranules ,  
65,000 • 

Fig. 2. Changes in thyroid gland of rat .  Pa le  pa ra fo l l i cu l a r  cell  in in te r fo l l i cu la r  
is let .  Hematoxyl in-eos in ,  250 • 

The thyroid  glands and long bone taken f r o m  the an imals  sac r i f i ced  at the end of the expe r imen t  were  
studied under  the l ight and e lec t ron  mic roscopes .  The following methods of h is to logica l  invest igat ion were  
used:  the r eac t ions  of  Braehe t  and Feulgen, Shabadash ' s  PAS react ion,  toluidine btue,  p i c ro fuchs in - fuchse -  
lin, and B e s t ' s  react ion.  Fo r  the e l e c t r o n - m i c r o s c o p i c  invest igat ion,  smal l  p i eces  of thyroid  gland were  
fixed by P a l a d e ' s  method with o s m i u m  te t roxide  and embedded in Araldi te .  Ul t ra th in  sec t ions  were  shadow- 
cas t  with uranyl  aceta te  and lead c i t ra te .  

EXPERIMENTAL RESULTS 

During the f i r s t  1-2 weeks of  admin is t ra t ion  of thyroid or  t r i iodothyronine,  the i n c r e a s e  in body 
weight of the expe r imen ta l  an imals  was cons iderably  r e t a rded  compared  with the cont ro ls .  La te r ,  however ,  
the d i f ference  in weight gradual ly  d i sappea red  and by the end of the e x p e r i m e n t  the expe r imen ta l  and con-  
t ro l  an imals  were  equal in weight. No s ta t i s t ica l ly  significant  i nc r ea se  in the s e r u m  ca lc ium level  was ob-  
se rved  in animals  rece iv ing  thyroid  hormones ,  in an imals  of all groups  it v a r i ed  f r o m  8 to 10 rag%. 

Histological  invest igat ion of the thyroid  showed that in an imals  rece iv ing  thyroid  or  t r i iodothyronine 
the fol l icular  epi thel ium was flattened, the  lumen of the fol l ic les  was dilated, and some of them were  loaded 
with colloid. 

E l e c t r o n - m i c r o s c o p i c  invest igat ion revea led  numerous  f r ee - ly ing  r i b o s o m e s  and po lysomes  in the 
cy top lasm of the n a r r o w  fol l icular  cel ls .  E lements  of the g ranu la r  endoplasmic  r e t i eu lum were  few in 
number  and they appea red  as n a r r o w  canals .  Few mi tochondr ia  could be  seen  in the cy top l a sm of these  
cel ls .  Fo l l i cu la r  epi thel ial  ce l ls  which had los t  the i r  l imit ing m e m b r a n e s  were  apparent .  The nuclei of 
these  cel ls  were  i r r e g u l a r  in outline and contained conglomera t ions  of chromat in .  Vacuolated g ranu la r  
endoplasmic  re t i cu la  and swollen mi tochondr ia  w e r e  p re sen t  in the cytoplasm.  

The pa ra fo l l i cu la r  pale  cel ls  contained numerous  c i r c u l a r  granules ,  sur rounded by a m e m b r a n e ,  in 
the i r  cy top lasm (Fig. 1). The d i a m e t e r  of the granules  was 1500-2500 A. The m a t e r i a l  in the granules  
was weakly osmiophi l ic  and del icate  in s t ruc ture .  In some  granules  the ma t r i x  was s t rongly  osmiophi l ic  
and e l ec t ron-dense .  Unlike the pa ra fo l l i cu l a r  ce l l s  obse rved  in expe r imen ta l  thyro id i t i s  [1], the cy top la sm 
of the pale cel ls  in an imals  rece iv ing  an excess  of thyroid ho rmones  contained many m o r e  granules  with an 
osmiophi l ic  mat r ix .  

At the s ame  t ime,  smal l  foci of p ro l i f e ra t ion  of thyroid  gland t i s sue  appeared.  The fol l icular  ce l l s  of 
these  foci were  enlarged,  and they exhibited amitot ic  and mitot ic  division and the fo rma t ion  of in te r fo l l icu-  
l a r  i s le t s .  These  i s le t s  d i f ferent ia ted  into microfo l l i c les  and foci of pale  pa r a fo l l i cu l a r  ce l l s  were  formed.  
These were  l a rge  in s ize (8-12 ~ in d iameter ) ,  and o c c u r r e d  in groups of 1-3 cel ls ,  not in contact  with 
colloid (Fig. 2). They contained l i t t le  RNA, DNA, PAS-pos i t ive  ma te r i a l ,  or  acid mucopo lysacchar ides .  
T h e p a l e  ce l l s  were  r ich in enzymes :  dehydrogenase  and c~-glycerophosphatase  [10]. Thyrocalc i tonin  was 
p r e s e n t  in the m i c r o s o m a l  f rac t ion  of these  ce l l s  [4]. 
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Changes developing in the bone t issue as a resul t  of prolonged administrat ion of thyroid or  t r i iodo-  
thyronine to the animals were focal in charac te r .  They consis ted of marked congestion of the blood vesse ls  
of the in te r t r abecu la r  s t roma,  a mosaic pa t tern  of the t rabecu la r  s t ruc tu res ,  a dec rease  in the number  of 
osteocytes  in the t rabeeulae ,  and fragmentat ion and indentat ionofthe edges of individual t rabeculae.  The 
t rabeculae  were  weakly impregnated with lime. 

The d i scovery  that changes in the fol l icular  sys tem of the thyroid gland in animals receiving re la t i -  
vely large doses  of thyroid hormones  for  long per iods were accompanied by the appearance of la rge  num- 
be r s  of pale parafo l l icu lar  cel ls  and by qorresponding changes in the skeletal  sy s t em sugges t s tha t these  
two p r oc e s se s  are  linked. In exper imenta l  thyrotoxicosis  i t  can be assumed that bone metabol ism is in- 
c reased ,  and that pa le -ce l l  hyperplas ia  develops in the t i ssues  of the thyroid gland, leading to an increase  
in the production of thyrocalci tonIn,  which fixes calcium in the bone t issue.  
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