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In studies of regenera t ion  during recent  years  much attention has been paid to the mucopo lysaccha r ides  
The synthesis  of mucopolysacchar ides  is known to be one of the links in the morphogenesis  of the fibrous 
proteins of the connective tissue [7, 8, 12]. 

Workers  who have studied the mucopolysacchar ides  of bone t issue have concluded that the role of 
these substances in the regenera t ion  of bone is to take pa r t  in the format ion and binding together of the 
fibrous s t ruc tures ,  in the format ion of the matr ix  of the bone tissue, and in the fixationof calc ium [3, 4, 6, 7]. 

However, the biological role of the mucopolysacchar ides  in the regenera t ion  of bone has not yet 
been adequately explained. One of the defects of the studies which have been made of this problem is the 
absence of any c lea r  connection between the data concerning the chemical  and the morphological  s t ruc ture  
of regenera t ing  bone tissue. 

A combined investigation of the mucopolysacchar ides  of regenerat ing bone could shed light on some of 
the principles governing the regenera t ion  of this type of connective tissue and help to explain this p rocess  
f r o m  a wider biological aspect .  

The object of the p resen t  investigation was to study the general  dynamics of the mucopolysacehar ides  
of developing callus and of the per iphera l  blood. By means of his tochemical  methods an attempt was made 
to differentiate the acid mucopolysaeehar ides  andto define their cor re la t ion  with the morphological  s t ruc -  
tures at each stage of regenerat ion.  

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

Experiments  were conducted on 88rabbits of both sexes,  weighing 2500-3000 g. In s ter i le  conditions, 
under morphine anesthesia,  an open f rac tu re  of the middle third of the diaphysis of the r ight radius was p ro -  
duced in the animals .  The bone was not immobil ized after  the operation, but the ulna acted as a physiolog-  
ical  splint. The rabbits were kept in identical conditions before and after  the operation.  

The stages of regenera t ion  were defined by roentgenological  and histological  methods,  and the chem-  
ical cha rac te r i s t i c s  of the stages were established biochemieal ly and his tochemical ly .  Observations were 
made 7, 14, 21, 30, 45, and 60 days af ter  the operation.  Because the morphology of regenerat ion of rabbit  
bone after  f r ac tu res  has been adequately descr ibed [2, 5], this aspect  will not be discussed.  

The total content of mucopolysacchar ides  of the regenera t ing bone was determined by the method of 
Elson and Morgan, as modified by Boas [10], f rom the sum of the amino sugars .  The se rum mucopoly-  
sacchar ides  (glycoproteins) were investigated by Rimington's  method [11], based on the preceding method. 
The corresponding bones an~ se rum of the intact animals were used as controls .  A stat is t ical  analysis  
was made of the resul ts  of the biochemical  investigation~. 

The his tochemical  investigations of the acid mucopolysacchar ides  in the regenera t ing  bone were 
made by staining with toluidine blue (metachromasia  test), with alcian blue, and with colloidal i ron by 
Hale 's  method. The control  methods included t rea tment  of the sections with tes t icular  and bacter ia l  hy-  
aluronidase,  repeti t ion of the me tachromas ia  react ion at pH<4.0, methyla~ion and demethylation by the 
method of Spicer and Lillie i16], and pre l iminary  sulfatation by the method of Moore and Schoenberg [15]. 
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Content of Mucopolysaccharides in Intact and Regenerating Bone Tissue 
and in the Pe r iphera l  Blood (in mg~c) 
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Note. The mucopolysaccharides of the regenerating bone were expressed in rag%of 
the dry, defatted tissue. 
*In relation to the intact bone. 

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

The resul ts  of the biochemical  investigations are given in the table. 

As the table shows, the content of mucopolysacchar ides  in the bone f ragments  7 days after the f r a c -  
Lure cor responded to their  level  in the intact bone tissue. Marked changes were found in the mucopoly-  
saechar ides  offthe reg~nerat ingbona.  The concentrat ion of these compounds was highest 7 and 14 days after  
the f rac ture .  At the beginning of the third week a tendency for  it to fall appeared. By the end of the f i r s t  
month the decrease  in the mucoplysacchar ide  content was significent, and by 60 days it was almost  at its 
original  level. The regenera t ing  per ios tea l  t issue was investigated separately  7 and 14 days af ter  the 
f rac tu re .  The mucopolysacchar ide  content in this case was many times higher than in the callus as a 
whole (after 7 days 13004-39 mg~c, af ter  14 days 1160• mg~c, P=  0.05). The content of mucopolysacchar -  
ides in the se rum was significantly elevated 7 days after  the f rac ture .  By the end of the f i r s t  month their 
level was still  above its preopera t ive  value. 

Histochemical  investigation of 24 animals showed that the content of acid mucopolysacchar ides  in 
the callus increased  7 days af ter  the f rac ture ,  remained high 14 days after,  and then decreased.  By the 
60th day of regenera t ion the topographic h is tochemis t ry  of these substances was essential ly the same as 
in normal  mature  bone. 

At each stage of regenera t ion  the la rges t  accumulations of acid mucopolysacchar ides  were observed 
in the ground substance of the chondroid tissue, in the zones of prol i ferat ion and differentiation of the 
osteogenic tissue, at  the sites of format ion of the matr ix  of the trabeculae,  and in the fibrous tissue s t ruc -  
tures (periosteum, endosteum, muele fibers).  During the development of the callus the mucopolysaccharides  
moved f rom the per iphery  to the center,  i.e.,  toward the younger zones. A clue to the source  of synthesis 
of these biological compounds in the young zones of the callus was given by the increased  basophilia of the 
cytoplasm of the f ibroblasts  and osteogenic cells.  Seven and 14 days after  the f rac tu re  considerable 
vascu la r  and per ivascu la r  accumulations of mucopolysacchar ides  were seen at the si tes of differentiation 
of the osteogenic cells.  

The control  methods of investigation showed that on the seventh day the callus t issues were  r ich in 
hyaluronic acid (incubation with bac ter ia l  hyaluronidase).  A small  amount was still found 14 days af ter  
the f rac ture .  The presence  of nonsulfated mucopolysacchar ides  in the f i r s t  stages of regenerat ion was also 
conf i rmed by the resul ts  of methylation of the sections (with res tora t ion  of much of the staining after de- 
methylation). Histochemical  analysis of the acid mucopolysacchar ides  in the regenerat ing bone showed 
that the sulfated mucopolysacchar ides  were distributed mainly in the ground substance of the cambialLayer '  
of the per ios teum,  in the chondroid tissue, at the sites of formation of the trabeculae,  and in the matr ix  of 
these s t ruc tu res .  After the ossif icat ion of these s t ruc tures  no acid mucopolysacchar ides  could be detected 
in them his tochemical ly.  Among the acid sulfated mucopolysacchar ides ,  subtances of the chondroitin sul-  
fate C type predominated at f i rs t ,  but later,  with maturat ion of the bone s t ruc tu res ,  the content of ke ra to -  
sulfate and chondroitin sulfate A increased.  Neither chondroitin sulfate B nor  heparin are  found in bone 
t issue [14]. 

Experiments  with p re l iminary  sulfatation of the sections and sulfatation af ter  t reatment  with bac t e r -  
ial hyaluronidase revealed  a marked increase  in the intensity of metaehromas ia  on staining with toluidine 
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blue and by other  r eac t ions  in the t i ssues  of the s even -day  cal lus .  This was evidently connected with the 
p r e s e n c e  of compounds of the chondroi t in  type, p r e c u r s o r s  of the sulfated mucopo lysaccha r ides  [1]. 

The r e su l t s  of the b iochemica l  inves t igat ion of the cal lus  co r responded  in the main  to data r epor ted  
in the l i t e r a tu r e  [3, 9, 13] and to the h i s tochemica l  findings. 

The high values  d i s cove red  on b iochemica l  analysis  of the i so la ted  subper ios tea l  t i s sues  c o r r e s p o n d -  
ed to h i s tochemica l  obse rva t ions  showing the se lec t ive  accumulat ion of mucopo lysacchar ides  in the func-  
t ionally m o s t  act ive pa r t s  of the r egene ra t ing  bone (the s i tes  of p ro l i f e ra t ion  and different ia t ion of the 
osteogenic  mesenchyme ,  of fo rma t ion  of the ma t r i x  of the t rabeculae ,  etc.),  and also in the chondroid 
t issue.  The lower  indices obtained during the study of the callus as a whole were  evidently caused by the 
inclusion of o ther  t i s sues  containing much s m a l l e r  amounts  of mucopo lysaccha r ides  ( f ragments  of muscles , ,  
blood clots ,  bone f r agmen t s ,  etc.) .  Because  of the purpose  of the invest igat ion it  was judged more  c o r r e c t  
to inves t iga te  the mucopo lysaccha r ides  of the callus including all  the t i ssues  compos ing  it. Another p o s s i -  
bi l i ty is that, unlike other  inves t iga tors  [3, 4], we were  unable to ex t rac t  a high enough propor t ion  of the 
mucopo lysacchar ides  f r o m  the t i s sues ,  thereby accounting fo r  the di f ference in the r e su l t s  obtained. 

It  may be concluded f r o m  the b iochemica l  and h is tochemical  data indicating no change in the muco-  
po lysaccha r ides  of the or iginal  bone f r a g m e n t s  that, although r e so rp t i on  takes place,  the compos i t ion  of 
the mucopo lysaccha r ides  in the res idua l  pa r t s  of the f r agmen t s  r e m a i n s  unchanged. 

As was ment ioned above, the young bone cel ls  we re  the sou rce  of the mucopo lysacchar ides  in the 
cal lus .  Compar i son  between the b iochemica l  data, showing the i n c r e a s e  in the mucopo tysacchar ides  in the 
blood at  the height of r egenera t ion ,  with the h i s tochemica l  evidence of va scu l a r  and p e r i v a s c u l a r  accumu-  
lat ions of these subs tances  sugges ts  that they may also have been brought  by the blood. 

The p r o c e s s  of r egene ra t ion  of bone t i ssue  is thus accompanied  by a cons iderable  change i~ the con-  
tent of mucopo lysacchar ides  both in the zone of r egenera t ion  and in the p e r i p h e r a l  blood. The dynamics  of 
the changes in the content of mucopo lysacchar ides  in the cal lus  and blood quanti tat ively re f lec t s  the p r i n c -  
ipal s tages  of r egenera t ion .  The h i s tochemica l  p ic ture  of the genera l  dynamics  of the mucopo lysaccha r ides  
in the r egene ra t ing  bone r e f l ec t s  the changes in these  subs tances  qual i ta t ively.  

It is concluded that de te rmina t ion  of the content of mucopo lysacchar ides  in the callus and pe r iphe ra l  
blood, and compar i son  of the r e su l t s  with h i s tochemica l  findings, can p e r m i t  a wider  in te rpre ta t ion  of the 
act ivi ty  of the r e g e n e r a t i v e  p r o c e s s e s  and the i r  pos s ib l e  outcome.  
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