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B I O C H E M I C A L  A N D  I M M U N O L O G I C  C H A R A C T E R I S T I C S  

O F  S E R U M  P R O T E I N S  A F T E R  B O N E  T R A U M A  IN R A T S  
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The ro le  of the blood pro te ins  in m e c h a n i s m s  of pos t t r aumat i c  r egenera t ion  of bone t i s sue  has been in- 
adequately studied. It has been sugges ted  that  s e r u m  prote ins  and blood mueopolysacchar ides ,  which a r e  de-  
tec table  in cal lus ,  p romote  r egenera t ion  of bone t issue [2, 3, 5-7] by s t imulat ing pro l i fe ra t ion  of bone cel ls  
[ 8, 9]. Never the less ,  the pa r t i cu l a r  fea tu res  of pos t t r aumat i c  dyspro te inemia  and the ro le  of the p r o t e i n -  
ca rbohydra te  complexes  of the blood in the fo rmat ion  of the organic  mat r ix  of regenera t ing  bone st i l l  r ema in  
inadequately studied. 

The object  of this invest igat ion was a quanti tat ive study of the pro te in ,  l ipoprotein,  and p r o t e i n - c a r b o -  
hydra te  components  of blood and cal lus  in r a t s  in the acute s tage of bone t r auma.  

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

Exper imen t s  were  c a r r i e d  out on 145 Wis t a r  r a t s  weighing about 100 g. B i la te ra l  c losed f r a c t u r e s  of 
the f e m o r a l  d iaphyses  we re  produced under  pentobarbi ta l  anes thes ia  (20 m g / k g ) .  Blood was taken fo r  tes t ing 
individually f r o m  each animal  on the 1st, 2nd, 3rd, 5th, 7th, and 10th days a f t e r  t r auma.  Total  s e r u m  prote in  
was de te rmined  r e f r a c t o m e t r i e a l l y  and pro te in  f rac t ions  by e l ee t rophores i s  on pape r  (Whatman No. 3 MM, 
ba ry t a l  buffer ,  pH 8.6 ). Af ter  e l ee t rophores i s  the s t r ips ,  s ta ined with b romphenol  blue, we re  examined on the 
301E Statron (Eas t  Germany)  in tegrat ing dens i tomete r .  The se romucoid  content  was de te rmined  by the 
method in [4] on the SF-16 spec t ropho tome te r  at 280 ~. Quanti tat ive immunoe lec t rophore s i s  of blood s e r u m  
antigens and antigens of a sal ine ex t r ac t  of cal lus  obtained 7 days a f t e r  in f l i c t ion  of the f r a c t u r e  was c a r r i e d  
out with the aid of an t inormal  rabbi t  s e r u m  [ 1]. Af ter  immunoe lee t rophore s i s  the s t r ips  were  s ta ined for  
p ro te ins  with Coomass i e  blue and for  l ipoprote ins  with Sudan black B. At each t ime blood f r o m  seven or  
eight expe r imen ta l  and/or  seven or  eight contro l  r a t s  (without f r ac tu re )  was invest igated.  To obtain pro te in  
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Fig. 1. Schemes of two-dimensional immuno-  
e lec t rophores is  of proteins of blood se rum 
and callus in experiment  with antinormal 
rabbit  serum.  A) Serum of intact rats ;  ]3) 
Serum of ra ts  1 day after  f rac ture ;  C) r e -  
generating bone 7 days old. 

extract  f rom callus, regenerat ing bone f rom 15 rats  was used. The significance of the resul ts  was assessed  
by Student's t - t es t  at the P _< 0.05 level. 

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

In the experiments  of ser ies  I the dynamics of changes in the total blood protein level, individual se rum 
fractions,  and seromucoid  were studied during the 10 days af ter  f racture .  The total protein concentrat ion fell 
f rom 6.7 i 0.1 to 6.2 ~= 0,1 g% as ea r ly  as 1 day after  t rauma (n = 8; P < 0.01) and it did not re turn  to normal  
until the end of the investigation (on the 10th day: 6.4• 0.2 g~ in the control,  5.8 �9 0.1 g% in the experiment;  
n = 8; P < 0.05). 

Bone t rauma led to opposite changes in the concentrat ions of individual s e rum fractions.  As a resul t  of 
injury an increase  in cq-globulin was observed. Af ter  1 day this increase  was 38% (8 ~ 1.0% in the control ,  
11 ~: 0.7% in the experiment;  n = 8; P < 0.05). On the 2nd day the increase  was 50% (8 �9 0.8 and 12 • 1,0%, r e -  
spectively; n = 8; P < 0.001). The considerable fluctuation in the a2-globulin level in the control  animals 
(from 3 to 8%) made it difficult to es t imate  changes in this f ract ion after  the fracture .  The concentrat ion of 
proteins of the t -g lobul in  fract ion did not change significantly throughout the period of observat ion in either 
the control  or  the experimental  rats .  The concentrat ion of the y-globulin fract ion in the experimental  animals 
was considerably reduced during the f i r s t  5 days of the experiment  and remained at this level until the end of 
the investigation. The se romucoid  fraction responded more  strongly than the blood proteins.  The increase  
in the concentrat ion of these glycoproteins was 250% 1 day af ter  t rauma (98.6 ~: 3.6 mg~ in the control,  253.7 
10.3 mg% in the experiment;  n = 8; P < 0.001). During the next few days, the concentrat ions of the g lyoopro-  
rein fract ion soluble in perchlor ic  acid in the blood re turned to normal  rapidly, and by the 5th day the s e r o -  
mucoid concentrat ion in the experimental  ra ts  was indistinguishable f rom the control  (112.6 + 7. 5 rag% in the 
control,  130.6 • 7.1 rag% in the experiment) .  The most  marked dysproteinemia and increase  in the s e romu-  
cold concentrat ion thus took place at the ear l ies t  t imes af ter  f racture .  

Accordingly,  in the experiments  of ser ies  II quantitative changes in individual proteins,  l ipoproteins, 
and glycoproteins of the blood were  investigated on the 1st and 2nd days af ter  bone trauma. The resul ts  of 
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r e f r a c t o m e t r y ,  zonal e l ec t rophores i s ,  and de te rmina t ion  of se romucoid  conf i rmed  changes in the blood p ro -  
tein levels  d i scovered  in the expe r imen t s  of s e r i e s  I. At the s a m e  t ime,  a c l e a r e r  r e sponse  of the blood ~2- 
globulin to t r a u m a  was establ ished.  An inc rea se  of 42.2% in the concentra t ion  of this f rac t ion  was obse rved  1 
day a f t e r  f r a c tu r e  (7 ~- 0.8% in the control ,  10 =~ 0.9~0 in the exper iment ;  n = 8; P < 0.05). 

Dif ferences  in the antigenic composi t ion  of individual pro te in  components  of the s e r a  were  next  studied 
at the t ime  of the g r e a t e s t  i nc rea se  in se romueoid  (the f i r s t  day) .  Ant inormal  s e r u m  revea led  up to 41 anti-  
genic components  in the s e r u m  of no rm a l  r a t s  (Fig. 1A). T r a u m a  did not affect  the antigenic composi t ion of 
the s e rum,  i .e. ,  only quant i ta t ive change in the concentra t ions  of individual pro te ins  were  found (Fig. 1B). 
Af te r  f r a c tu r e  there  was a s ignif icant  d e c r e a s e  in the concentra t ions  of five antigens,  including ty ros ine -  
binding p rea lbumin  (No. 3), a lbumin (No. 7), ~ r l i p o p r o t e i n  (No. 11), and two other ~2-globulins (Nos. 22 and 
28). The concentra t ion of a-- and f l - l ipoprote ins  in the blood was not s ignif icantly inc reased  a f t e r  f rac tu re .  

Fo r  the immunoe lec t rophore t i c  analys is  of cal lus ,  r egenera t ing  bone t i ssue  was inves t igated on the 7th 
day, for  e a r l i e r  than this it  was  imposs ib l e  to i so la te  the n e c e s s a r y  quantity of  cal lus.  Up to 13 s e r u m  p r o -  
teins we re  found in the r egenera t ing  bone (Fig. 1C), among which albumin (No. 1), hemopexin (No. 8), and 
IgG (No. 13) could be dist inguished.  Unidentified s e r u m  components ,  mainly  in the c~- and fi-globulins,  were  
p r e s e n t  in cal lus  in smal l  quanti t ies.  No l ipoprote ins  were  found. 

The r e su l t s  of quanti tat ive immunoe lec t rophore s i s  thus fill  in the detai ls  of the c h a r a c t e r  of pos t t r au -  
mat ic  dyspro te inemia .  The difficulty i s  that the i nc rea se  in level  of p ro te ins  of the acute phase  (p ro te in -an t i -  
gen complex with e lec t rophore t i c  mobi l i ty  of ~2-globulin) and the inc rease  in the quantity of se romucoid  do 
not adequately co r r e spond  to each other.  The reasons  for  this d i spa r i ty  and also the role  of each pro te in  in 
the p r o c e s s  of pos t t r anmat i c  r egenera t ion  of bone will be studied in future r e s e a r c h .  
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