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The effect  of the new thyroid  hormone  thyrocalc i tonin  (TCT) on the course  and c h a r a c t e r  
of r e p a i r  in bone t i s sue  was studied in exper imenta l  an imals .  I t  was shown by seve ra l  
methods that  TCT cons iderably  a c c e l e r a t e s  consolidat ion of bone f r agmen t s .  The s t imu-  
lant  effect  of the hormone is re f lec ted  in m o r e  in tensive p ro l i fe ra t ion  and different iat ion 
of os teob las t s ,  m o r e  rapid  fo rma t ion  of cancel lous bone t i ssue ,  and the development  of a 
r ich network of cap i l l a r i e s .  The i n c r e a s e d  os teoblas t  act ivi ty leds to the ea r ly  fo rmat ion  
of a col lagen mat r ix ,  to the nucleat ion of hydroxyapat i te  c r y s t a l s  in that  ma t r i x  and, thus, 
to the fo rmat ion  of no rm a l  bone t i s sue  45-50 days a f te r  the f r ac tu re .  

The d i scovery  of the new hormone  thyrocalc i tonin  (TCT), produced by the pale ce l l s  of the thyroid 
gland, has provided new ways for  studying neu ro -ho rmona l  regu la to ry  m e c h a n i s m s  of r epa ra t i ve  os teo-  
genes i s  [1-4, 14-17]. The hormone  is known to inhibit the resorp t ion  and deminera l iza t ion  of bone t issue,  
with a connected hypoca lcemic  effect  [5-9]. Morphological  changes in the bones  af ter  adminis t ra t ion  of 
TCT cons i s t  of the inhibition of os teocyt ic  os teo lys i s  [13] and inc rea sed  os teoblas t ic  act ivi ty [10-12, 18, 19]. 

Since TCT affects  not only the resorp t ion ,  but also the fo rmat ion  of bone,the study of i ts  effects  on 
the course  and c h a r a c t e r  of r e p a i r  in bone t i s sue  is  of p rac t i ca l  in te res t .  

EXPERIMENTAL METHOD 

Experiments were carried out on 108 noninbred male rats with a mean weight of 167 g. The animals 

were divided into two groups: control and experimental. The rats of the experimental group received TCT 

TABLE 1. Indices  of Repa i r  in Bone Tissue  a f te r  TCT Adminis t ra t ion  

Group of animals 

Control . . . . . . . . . . .  

Exptl. (administration of . . . . . .  

Stage of consoli- 
dation (in daya) 

,~. ~ '~  .~'~ 
-o,,~ S >, . ~  .oZ ~ o . . ~  

20 40 60 

10 20 50 

I 
Width of trabecular 
:structures (in g ) 

27,0 38,4 • 2 421 2,5 '~ 
25 

M  I,2 48,3 169,0 
• 2~40 1~95 3,2525 

0,001 0,005 0,02 
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Fig. 1 Fig. 2 

Fig. 1. Region of regenerating bone in control animal 30 days after 
fracture. Here and in Figs. 2 and 3: hematoxylin-eosin, 120 • 

Fig. 2. Newly formed cancellous bone with trabeculae of lamellar 
structure 30 days after operation in rat receiving thyrocalcitonin. 

by intraperitoneal injection twice a day in a dose of 2.5 units/100 g 
body weight after fracture of the bone and throughout the rest of the 
experiment. Regeneration of bone tissue was studied after fracture 
of the tibial diaphysis, The bone was exposed and fractured in its 
middle part by special forceps. The fibula was used as a natural 
splint. Conclusions regarding the rate of repair in the bone tissue 
were based on the results of macroscopic, microscopic, and fluoro- 
scopic investigations of the region of the fracture followed by roent- 
genography of the newly formed bone tissues. Biopsy was performed 
every 5 days for 60 days. Longitudinal histological sections, 8-10 

in thickness, were stained with hematoxylin and eosin and by Van 
Gieson's method. To estimate the rate of development and matura- 
tion of the bone the width of the bony trabeculaewas determined with 
an ocular micrometer. The numerical results were subjected to 
statistical analysis. 

EXPERIMENTAL RESULTS 

The roentgenologieal investigations showed that I0 days after 
fracture the fragments in the control animals were in the correct Fig. 3. Formation of medullary 

canal after 40 days in rat receiv- position and separated by a complete transverse cleft. The out- 
lines of the fragments were less sharply defined. A small shadow ing thyrocalcitonin. 
surrounded the region of the regenerating bone and the ends of the 
old fragments with a delicate cuff. The periosteal response be- 

came clearly apparent in the region of the bone defect after 20 days (Table i). The shadow due to callus 
was clearly marked and zones of decalcification could be seen. Partial union of the fragments was observed 
roentgenologically after 30 days. Gradual reconstruction of the periosteal callus took place. After 50 days 
the ends of the fragments were joined together by primary bony callus, with the appearance of a homoge- 
neous structure. After 60 days the fracture was united and a medullary canal had formed. 

Analysis of the roentgenograms taken of the fracture region in animals receiving TCT showed ac- 
celeration of consolidation. Ten days after the fracture the bone fragments were surrounded by a small 
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but c l e a r  zone of pe r io s t ea l  ca l lus .  L a t e r  (15 days) fu r the r  growth of the pe r io s t ea l  cal lus  was observed,  
and at that  s tage  it  sur rounded the region of the regenera t ing  bone as a dense homogeneous shadow, ex-  
tending as  f a r  as the ends of the old bone f r agment s .  P r i m a r y  bony cal lus began to be fo rmed  20 days a f t e r  
the beginning of healing.  After  30 days all the fea tu res  of fo rmat ion  of cancel lous bony t i s sue  could be seen, 
so that the s t r u c t u r e  of the bone was homogeneous.  By the 50th day of the exper iment  that  region of the 
f r ac tu re  was apparen t  only f r o m  the wider  growth of the bone t i s sue  in the region of the pe r io s t eum.  Con- 
solidation of the p rox ima l  and distil  f r agmen t s  of the bone was followed by comple te  r e s to r a t i on  of the 
medu l l a ry  canal  throughout i ts  extent.  

The roentgenologieal  p ic ture  ref lec t ing  the ra te  of r e p a i r  in the control  an imals  and in the an imals  
rece iv ing  TCT matched  the his tological  changes developing in the region of the f r ac tu re .  

After  10 days the fo rmat ion  of osteoid t i s sue  and l a rge  accumulat ions  of ca r t i l age  could be  seen  in 
the region of the f r ac tu re .  The bony t r abecu lae  were  sti l l  v e r y  thin - only 27.0 • 1.09 # in th ickness .  The 
cen t ra l  pa r t  of the cal lus  was fil led with granulat ion and young connect ive t i ssue .  After  15 days the dis-  
tance between the f r a g m e n t s  was reduced.  The t i s sue  between the f r agmen t s  cons is ted  of young bony t r a -  
beeulae  (31.9 :~ 1.10 in th ickness)  and i s l e t s  of chondroid t i s sue .  Nea re r  to the center  of the defect  the cal lus 
was fo rmed  by car t i lage  ce l l s  at different s tages  of matur i ty ,  and by l a y e r s  of young connective t i ssue and 
granulat ion t i ssue .  Af te r  30 days young cancel lous  bone t i ssue  with res idua l  a r e a s  of car t i lage  t i s sue  was 
seen in the region of the injury (Fig. 1). Af te r  40 days bony cal lus was formed;  it cons is ted  of t r abecu lae  
with a l a m e l l a r  s t ruc tu re ,  with Cavities of fat ty bone m a r r o w  among them. Definitive bony cal lus and p o r -  
tions of the medul la ry  canal  were  fo rm ed  55-60 days a f te r  the beginning of r e p a i r  in the control  r a t s .  

The morphologica l  p ic ture  of healing of the f r a c t u r e s  in the an imals  rece iv ing  TCT showed a much 
m o r e  rapid  success ion  of the individual phases  of os teogenes is  although they continued to appear  in the same  
o rde r .  Only 10 days a f te r  the f r a c t u r e  the region of injury was filled with l a rge  numbers  of ma tu re  bony 
t rabecu lae  of cons iderab le  th ickness  (51.2 •176 #), sur rounded by a l aye r  of l a rge  os teoblas t s .  The ea r ly  
appearance  of os teob las t s  led to the m o r e  rapid  fo rmat ion  of osteogenic t i s sue  and was accompanied  by an 
active pe r ios tea l  reac t ion .  It was obse rved  that  pe r ios tea l  and endosteal  cal lus were  fo rmed  s imul tane-  
ously and with equal in tensi ty  under these condit ions.  C lose r  to the cent ra l  pa r t  of the cal lus  the t i ssue 
was mixed chondroid or car t i lag inous  in type, while the cen te r  cons is ted  of connect ive t i ssue .  Convers ion 
of osteogenic  t i s sue  into osteoid took place  m o r e  rapidly under  the influence of TCT than in the control  and 
and it led to the fo rmat ion  of young cancel lous bone 15 days a f te r  injury.  The blood v e s s e l s  i nc reased  con- 
s iderably  in number  and fo rmed  l a rge  v a s c u l a r  p lexuses  among the a r e a s  of newly fo rmed  cancel lous bone. 
The cen t ra l  pa r t  of the cal lus was occupied by a na r row  band of ca r t i l age  t i ssue .  As a r e su l t  of this in= 
tensi f icat ion of the p ro l i fe ra t ion  and different ia t ion of osteogenic e lements ,  30 days  a f te r  injury,  cancellous 
bony cal lus  with f ea tu re s  of compact  bone fo rmat ion  could be  seen in the region of r egenera t ions  (Fig. 2). 
The bony t r abecu lae  were  f la t t e r  and wider  (69.0 • 3.25 ~). Pro l i fe ra t ing  os teob las t s  were  located at the 
edges of the bony t rabecu lae  and fi l led all the i n t e r t r a b e c u l a r  spaces .  The his tological  p ic ture  of healing 
40 days a f t e r  injury showed fu r the r  p r o g r e s s  in bony callus fo rmat ion  (Fig. 3). The t rabecu lae  filling the 
lumen of the medu l l a ry  canal  were  gradual ly  absorbed  and rep laced  by l a rge  cav i t ies  f i l led with fatty bone 
m a r r o w .  L a t e r  in the invest igat ion (after 45-50 days) comple te  r e s to ra t i on  of the bone as an organ was ob- 
se rved .  The pe r ios t ea l  bone had m e r g e d  with the compact  substance of the bone f r agment s .  The newly 
fo rmed  medu l l a ry  canals  had joined together  throughout the i r  extent.  

Analys is  of the exper imenta l  r e su l t s  thus shows that admin is t ra t ion  of TCT leads  t o m a r k e d  act ivat ion 
of r e p a i r  in bone t i s sue .  This is  r e f l ec ted  in the m o r e  intensive pro l i fe ra t ion  and different iat ion of the 
os teob las t s  in the regenera t ing  bone, the m o r e  rapid  fo rmat ion  of cancel lous bone t i ssue ,  and the develop- 
ment  of a r ich  network of cap i l l a r i e s .  Os teoblas t ic  act ivi ty  main ta ins  a high intensi ty  of enzymic  reac t ions  
in the regenera t ing  zone, leading to the ea r ly  fo rmat ion  of a col lagen mat r ix ,  the nucleation of hydroxy-  
apat i te  c r y s t a l s  in that ma t r ix ,  and the consequent fo rmat ion  of bone t i ssue .  
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