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After operative removal  of par t  of the radius in rabbi ts  the ear ly  stages of osteogenesis  were 
studied by the te tracycl ine label, histological ,  and his tochemical  methods.  In this phase of 
format ion of the organic mat r ix  at the site of the defect f luorescence was shown to be due to 
the presence  of calcified, necrot ic  a reas  of bone, while in the phase of minera l iza t ion  it was 
due to p r o c e s s e s  of oscif icat ion of the osteogenic s t ruc tures  of the callus. The te t racycl ine  
label method is very  sensit ive and can be used to judge the cha rac te r  of recons t ruc t ion  of 
osteogenic s t ruc tu res  during callus formation.  

The te t racycl ine  label method was used previously [1, 2] to a s se s s  the p rogres s  of calcif icat ion of 
osteogenic s t ruc tu res  of regenera t ing  bone s tar t ing from the 10th day of callus formation.  The resul t s  
showed that te t racycl ine  is fixed and re ta ined by bony s t ruc tures  at different s tages of repara t ive  r egene ra -  
tion of bone t issue.  The intensity of f luorescence increases  paral le l  with the p rog re s s  of oscification. 

In the investigation descr ibed  below osteogenesis  was studied in the ea r ly  stages of regenera t ion  by 
the use of the te t racycl ine  label method. 

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

Twenty chinchilla rabbits  weighing 2.5-3 kg were used. Under aseptic conditions subper iosteal  r e -  
sect ion of 0.5 cm of the radius  in the middle th i rd  of the diaphysis was ca r r i ed  out. The skin wound was 
sutured and a dry s ter i le  dress ing applied. Tet racycl ine  sulfate was injected subcutaneously in a dose of 
10 mg /kg  body weight 2 days before remova l  of the callus for f luorescence analysis .  

The callus for  investigation was taken by operat ion at t imes between and I and 11 days. F l u o r e s -  
cence of the s t ruc tu res  was investigated in f rozen sections in the ML-2 luminescence microscope  and the 
same sect ions were additionally studied in the phase -con t r a s t  mic roscope  and after  staining with hematoxy-  
l in-eosin.  

Some mate r ia l  was fixed in 10% neutral  formal in  and embedded in paraffin wax. The sections were 
stained by Van Gieson 's ,  Shueninov's,  Brache t ' s ,  and Feulgen 's  methods and with toluidine blue. 

EXPERIMENTAL RESULTS 

The results showed that during the first 4 days after the operation the defect in the bone was filled 
with a blood clot consisting of fibrin and leukoeytes with many wandering cells (macrophages and lympho- 
cytes) and small areas of necrotic bone tissue, located chiefly in the peripheral zones, deeply stained with 
hematoxylin or weakly pyroninophilic. 

In some experiments small areas of connective tissue with swollen, activated fibroblasts, with an in- 
creased content of RNA and DNA, revealed by staining by ]Brachetts and FeulgenTs methods, were present 
at the edge of the callus. 
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The study of f rozen  sect ions  of the cal lus  under the luminescence  m i c r o s c o p e  r evea l ed  smal l ,  i r -  
r e g u l a r l y  c i r c u l a r  foci  of golden-yel low f luorescence .  On invest igat ion of the s a m e  sect ion  in phase  con- 
t r a s t  and a f te r  s taining with hematoxy l in -eos in  the foci of f luorescence  were  found to co r r e spond  to ca lc i -  
fied, necro t ic  a r e a s  of bone t i ssue .  

Star t ing on the 6th day the f ibr inous  and leukocytic m a s s e s  of the cal lus  became  denser  and gave a 
posi t ive PAS r eac t i on  but th in - f ibe red  connect ive t i s sue  containing many sma l l  blood ve s se l s  p ro l i f e ra t ed  
at  the i r  edges .  The connec t ive - t i s sue  ce l l s  were  a r r a n g e d  haphazard ly  and contained large  nuclei  with 
c l ea r ly  outlined nucleoli .  The ground substance  cons is ted  of thin f ibe r s  and was weakly fuchsinophilic when 
s ta ined by Van Gieson ' s  method.  The f ibrous  s t r u c t u r e s  and amorphous  substance r eac t ed  posi t ively for  
mucopo lysaccha r ides .  

Examina t ion  in the luminescence  m i c r o s c o p e ,  jus t  as  during the f i r s t  days,  r evea l ed  smal l  and l a rg e r ,  
i r r e g u l a r  homogeneous  foci of f luorescence  cor responding  to necrot ic ,  ca lc i f ied a r e a s  of bone t i ssue .  

Af ter  the 8th day the bony ca l lus  contained a d ive r s i ty  of t i s sue  s t ruc tu r e s .  At the pe r iphe ry  the con- 
nect ive t i s sue  was r i ch  in blood ve s s e l s ,  dense and col lagenized in p laces ,  and fuchsinophil ic when s tained 
by Van Gieson ' s  method. The f ib rob las t s  were  e longated with condensed nuclei.  In other  a r e a s  the t i ssue  
cons is ted  of thin f ibe r s  and f ib rob las t s  with swollen nuclei  and an i nc rea sed  content of RNA and DNA. P i c -  
t u re s  of cel l  divis ion could be seen. I m m a t u r e  th in - f ibe red  t i s sue  could be seen  pa r t i cu l a r ly  abundantly 
along the c o u r s e  of the ingrowing v e s s e l s .  In the middle of the connec t ive - t i s sue  m a s s  were  i s lands  of h y a -  
l ine ca r t i l age ,  i r r e g u l a r  in shape,  with young osteoid t i s sue  growing in between them.  Car t i lage  ce l l s  were  
c lose  together  and sur rounded by dense  capsu les  and the i r  cy top la sm was filled with glycogen. The i n t e r -  
ce l lu l a r  subs tance  was basophi l ic  and reac ted  weakly for  neutra l  mucopo lysaccha r ides .  Young bone t i s sue  
lay side by side w i t h t h e  i s lands  of ca r t i l age  and pene t ra ted  among them as  in terweaving t rabecu lae .  The 
marg ina l  zones of the bony t r abecu lae  cons is ted  of oxyphilic ground substance.  The os teoblas t ic  l a y e r  
around the t r abecu lae  was discontinuous and the os teob las t s  were  oval in shape,  with basophil ic  cy top lasm 
and l a rge ,  swo l l ennuc le i .  

In the luminescence  mic roscope  the sec t ions  showed a r e a s  of golden-yel low luminescence  of different  
s i ze s ,  co r re spond ing  to the t r abecu lae  of newly f o r m e d  bone, as  h i s tochemica l  invest igat ion conf i rmed.  

By the 10th day the bony cal lus  cons is ted  of f ibrous  and chondro-os teo id  t i ssue .  The car t i lag inous  
a r e a s  had the appea rance  of la rge  is lands r ep l aced  at  the pe r iphe ry  by bands and t rabecu lae  of osteoid t i s -  
sue of c o a r s e l y  woven c h a r a c t e r .  A sharp  line could not a lways be drawn between the car t i laginous  and 
osteoid  t i s sues .  An os teoblas t ie  l ayer  f o rm ed  at  the pe r iphe ry  of the loci of oscif icat ion.  The os teocytes  
were  i r r e g u l a r l y  round in shape and were  s epa ra t ed  by an oxyphilic ground substance.  Wide a r e a s  of un- 
d i f ferent ia ted  connect ive  t i s sue ,  r i ch  in ce l l s ,  could be seen  between al l  the s t r u c t u r e s  ment ioned above.  
A continuous l a y e r  of dense f ibrous  t i s sue  was s i tuated at the pe r iphe ry  of the cal lus .  

Large ,  homogeneous  a r e a s  of golden yel low luminescence ,  appear ing  like bony t rabeculae  in some 
p laces ,  could be seen in the luminescence  m i c r o s c o p e .  At t he  edges of the luminescen t  a r e a s  there were  
smal l ,  angular  foci of f luorescence .  In phase con t r a s t  and on his tological  examina t ion  of these  sec t ions  
the f luorescen t  a r e a s  were  found to c o r r e s p o n d  to t rabecu lae  of newly fo rmed  bone, while the smal l  foci  of 
luminescence  co r r e sponded  to zones  of r e p l a c e m e n t  of the des t royed  car t i l age  by bone. Car t i laginous  and 
f ibrous  t i s sue ,  c l e a r l y  detectable  in phase Contrast ,  did not exhibit  f luorescence .  

The r e s u l t s  thus showed that  in the e a r l y  per iods  of r e p a r a t i v e  regenera t ion ,  in the phase of f o r m a -  
t ion and r e s t o r a t i o n  of the organic  m a t r i x  of the r egene ra t ing  bone, f luorescence  of the bony cal lus  was con- 
nected with the p r e s ence  of calcif ied,  necrot ic  a r e a s  of bone. La t e r  (9-11 day), in the phase of m i n e r a l i z a -  
tion, the f luorescence  was due to commenc ing  p r o c e s s e s  of osc i f ica t ion  of ce r t a in  osteogenic s t r u c t u r e s  of 

the cal lus .  

The t e t r acyc l ine  label  method is s imple ,  r ead i ly  avai lable ,  and provides  object ive evidence of the 
c h a r a c t e r  of r eo rgan i za t i on  of the os teogeuic  s t r u c t u r e s  during cal lus  fo rmat ion  in its e a r l y  s tages .  
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