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The effect of human, canine, and feline a-fetoprotein on reparat ive regeneration of the skin and 
long bones of mice and rats  was studied, a -Fe tepro te in  has a stimulating action, through the 
formation of young connective tissue, on regeneration but without str ict  species-specificity.  Of 
the various a-fetoproteins studied, a commercial  preparat ion of human a-fetoprotein had the 
highest physiological activity. 
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The solution to the problem of shortening the time required for the healing of skin wounds and fractures  
is closely bound up with the use of biostimalators of regeneration, among which the foremost  place is occupied 
by embryonic t issues [7, 1]. Reports of the stimulating effect of fetal blood sera  of various animals on growth 
of tissue cultures [12, 14] and also on the reparat ive regeneration of skin, long bones, and t issues of the blad- 
der and stomach [5] have recently been published. With the discovery of ~-fetoprotein - the chief protein com- 
ponent of fetal sera [1-3, 9, 10, 13] - it was possible to determine its influence on processes  of reparat ive r e -  
generation. 

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

Semipurified preparations of human, canine, and feline a-fetoprotein were used as biostimulators in the 
investigations, and a parallel  ser ies  of control experiments was set up in which the serum a-globulin fraction 
of the corresponding adult animals and man, not containing a-fetoprotein,  was used. 

To isolate the a-fetoprotein the method of precipitation by ammonium sulfate followed by purification 
by preparat ive electrophoresis  in agar [4] was used. In another ser ies  of experiments commercial  human 
a-fetoprotein* was used. The a-globulin fractions were obtained by preparat ive electrophoresis  of whole 
blood sera in agar [4]. The total quantity of protein injected daily in both the experimental and control ser ies  
was 90 mg/kg body weight. The daily dose of a-fetoprotein was chosen empirically and averaged 0.2 mg/kg 
body weight. The protein preparations were injected into the thigh muscle daily until healing was complete. 

Regeneration was studied on experimental models of graduated thermal burns of the dorsal skin and 
closed fractures  of the radius without immobilization in 56 rats  and 118 mice of different age groups. Thermal 
burns of the skin with an area of 2 cm 2 in the rats  and 0.8 cm 2 in the mice were inflicted by a specially con- 
structed instrument. t  Fractures  of the radius were produced by mechanical p ressure  on its middle third with 
surgical forceps. 

The course of repair  was assessed clinically, roentgenologicaUy, by measuring the area of the wound and 
calculating the rate  of contraction, by recording the strength of the bony callus by means of an apparatus of 
the writers* own design,$ and by histological methods of investigation. Preparat ions obtained when the animals 
were sacrificed on the 2nd, 7th, 16th, 29th, and 46th days of the experiments were stained with hematoxylin-  
eosin, borocarmine, Bismarck brown, Lyon blue, and by Har t ' s  method. The location of alkaline phosphatase, 
RNA, and DNA also was determined histochemically. Mucopolysaccharides were dissected by staining with 

*Obtained from the N. F. Gamaleya Institute of Epidemiology and Microbiology as part  of an immunodiagnostic 
kit for pr imary  liver carcinoma. 
t Efficiency Suggestion Certificate No. 109 dated May 24, 1975. 
$ Efficiency Suggestion Certificate No. 136 dated June 24, 1976. 
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T A B L E  1. D u r a t i o n  of H e a l i n g  of  Skin B u r n s  and F r a c t u r e s  of the  R a d i u s  ha R a t s  and  
Mice (M �9 m) 

TNumber of animals 
Nature of injury Preparation injected I' ~ mice 

Skin burns 

Fractures of radius 

Commercial human a-fete-  
protein 

Human a -fetoprotein isolated 
by authors 

a-Fraction of adult canine 
btood serum 

Canine a-fetoprotein 
a-Fraction of adult canine 

blood serum 

Canine a -fetoprotein 

lO 
21 

7 

18 

Times of healing, days 
J~ats 

19,C-j-0.6 
13,C~-0,5 P<O.OI 

21 , C ~ 0 . 9  
P< 0,00 

17,C+t) .4  

m i c e  

16,0+-0.3 

9,C~0,5 P~. O.OOI 

IO,C---~O,4 P<}q.05 

11 ,C-+-0,5 P~"4),05 
8,C+0.3 

1 6 , f + - 0 . 5  
P~_O.O01 

I I ,( '_+0.3 

T A B L E  2. E f f e c t  of  ~ - F e t o p r o t e i n  on Wound M i c r o f l o r a  of Skin  B u r n s  ha M i c e  ( M e  in) 

Preparation injected 
~,u b r of m'crobial colonies rown . . . .  ,n~f~errent ~ys per cm' nutriw IComposltmn o f  mlcroflora zsolated on 5th day of 
nedium [experiment, % 

2nd-4th.day 5th-7th day 18th-10thdayl Proteus coccus Coccus tichia " pyocya- 
t . c e l l  neus 

I 
a-Fraction of adult caninel 

blood serum (control) I 
Canine e-fetoprotein (ex ~ 

periments) [ 

35,0_____1,8 44,0+--1,6 30,0+-1,5 

19,0+-0,9 21,0+-0,8 18,0+-0,8 
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Fig. i.  Changes in ~rea of burn during 
h e a l i n g  in n i i ce :  1) e x p e r i m e n t ;  2) con -  
t r o l .  A b s c i s s a ,  t i m e  (in days ) ;  o r d i -  
na te ,  a r e a  Of wounds  (in t in2) .  

t o l u i d i n e  b lue  and i d e n t i f i e d  wi th  t e s t i c u l a r  and b a c t e r i a l  h y a l u r o n i d a s e .  T h e  b o n e s  w e r e  d e c a l c i f i e d  by  M o d y a -  
e v ' s  m e t h o d  [6]. The  b u r n e d  s u r f a c e  w a s  e x a m i n e d  fo r  t he  p r e s e n c e  of a m i c r o f l o r a  by  s e e d i n g  i ts  con ten t s  
on n u t r i e n t  m e d i a  and  d e t e r m i n i n g  the  m e a n  n u m b e r  of m i c r o b i a l  c o l o n i e s  p e r  uni t  a r e a  in the  e x p e r i m e n t a l  
and  con~-rol s e r i e s . *  T h e  whi te  and b lood  c e l l  counts  and  ESR,  t o t a l  p r o t e i n  (on the  RLU r e f r a c t o i n e t e r ) ,  and 
s e r u m  p r o t e i n  f r a c t i o n s  (by e l e c t r o p h o r e s i s  on p a p e r )  w e r e  d e t e r m i n e d  in t he  b lood  of  s o m e  Of the  a n i m a l s  
p e r i o d i c a l l y .  

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

A s T a b l e  1 shows ,  p a r e n t e r a l  i n j e c t i o n  of h u m a n  and can ine  ce - f e top ro t e in  s h o r t e n e d  the  p e r i o d  of h e a l i n g  
of  sk in  b u r n s  in r a t s  and  m i c e  on a v e r a g e  by  30%. T h i s  w a s  a c c o m p a n i e d  h i s t o l o g i c a l l y  by a c t i v a t i o n  of  p r o -  
l i f e r a t i o n  of  young c o n n e c t i v e  t i s s u e ,  a c c u m u l a t i o n  of m u c o p o l y s a c c h a r i d e s  in it ,  and the  m o r e  r a p i d  m a t u r a -  
t i on  of  g r a n u l a t i o n s  and e p i t h e l i z a t i o n  o[ the  wound f r o m  the  p e r i p h e r y  t o w a r d  the  c e n t e r .  

* T h e  m i c r o b i o l o g i c a l  p a r t  of  t he  w o r k  was  done ha t h e  B a c t e r i o l o g i c a l  D e p a r t m e n t  o f  t he  C l i n i c a l  D i a g n o s t i c  
L a b o r a t o r y  of  t he  V.  M. B e k h t e r e v  Ci ty  In fec t i ous  D i s e a s e s  H o s p i t a l ,  wi th  t h e  a s s i s t a n c e  of b a c t e r i o l o g i s t s  
D r .  N.  V. E v s y u k o v a  and D r .  A .  G. S o r o k i n a .  

392 



g 
1000,0 

eoo#7 

8o0,0 

4o0,o 

200,0 

I I I J I I I I 
5 fO 15 20 25 30 35 40 days 

Fig. 2. Changes in strength of radius in 
rats during consolidation: i) experi- 
ment; 2) control. Abscissa, time (in 
days); ordinate, force breaking bone (in 
g). 

The  reduct ion in the mean  a r e a  of the burn took p lace  i r r egu la r ly ,  and more  quickly in the exper imen ta l  
an imals  than in the controls  (Fig. 1). The mean  r a t e  of contract ion of the skin wound in the longitudinal and 
t r a n s v e r s e  d i rec t ions  was 0.45 �9 0.05 and 0.93 • 0.05 r a m / d a y  r e s p e c t i v e l y  in the exper imenta l  an imals ,  but 
siguificantly lower in the controls ,  namely  0.39 �9 0.05 and 0.52 ~ 0.05 r a m / d a y  (P < 0.05). Indrawing of the 
edges  of the dorsa l  skin wounds in both the exper imen ta l  and control  s e r i e s  was obse rved  to take p lace  m o r e  
intensively in the t r a n s v e r s e  than in the longitudinal d i rec t ion (P < 0.01). The  newly fo rmed  s c a r  in the skin 
of the exper imenta l  an imals  was much sof ter  and less  adherent  to the underlying t i s sues .  

~ - F e t o p r o t e i n  also affected the genera l  r e s i s t a n c e  of the animal:  a f te r  i ts  injection growth of the wound 
m i c r o f l o r a  was inhibited and its qual i tat ive composi t ion was changed (Table 2); the per iod  of normal iza t ion  of 
the white and r ed  blood cel l  counts, ESR, and the p ro te in  f r ac t ions  also was reduced.  

In the an ima l s  with exper imen ta l  f r a c t u r e  of the rad ius  injection of a - f e top ro t e in  shor tened the per iod 
of "nurs ing"  of the injured l imb by 25.0 =~ 1.0% (P < 0.05) and the per iod of consolidation of the bone (Table t).  
By the 10th-13th day a f te r  t r a u m a  the bony cal lus of the exper imen ta l  r a t s  was spongy in s t ruc tu re  and con- 
s i s ted  of del icate  bone t rabeculae ,  located in all  zones of the r e p a r a t i v e  a r e a .  It  contained a r i ch  network of 
blood v e s s e l s  and was surrounded by wel l -developed connective t i ssue ,  whe reas  in the control  an imals  these  
p r o c e s s e s  did not develop until the 16th-18th day. 

Af ter  injection of a - f e t o p r o t e i n  the s t rength  of the bony callus a lso  inc reased  apprec iab ly .  The force  
r equ i red  to f r a c tu r e  the knitt ing bones inc reased  i r r egu l a r l y  in the course  of r epa i r ,  but the type of curve  
was identical in the exper imenta l  and control  s e r i e s  and was cha rac t e r i z ed  by a logis t ic  function (Fig. 2). 

Since cons iderab le  accumula t ion  of h i s t iocy tes  with br ight  7 -  and f l - m e t a c h r o m a s i a ,  an inc rease  in a lka-  
l ine phosphatase  act ivi ty ,  and an i nc r ea s e  in the RNA and DNA contents we re  obse rved  in the zone between the 
f r agmen t s  during consolidation,  th is  sugges ts  that  injection of ~ - fe topro te in  s t imula tes  r egene ra t ion  in the 
bone t i s sue  through the fo rmat ion  of young connec t ive - t i s sue  s t r u c t u r e s  and shor tens  the s tages  of the i r  ma tu -  
ra t ion .  

The  s t imulat ing action of human (isolated in the w r i t e r s '  l abora to ry ,  or  a c o m m e r c i a l  p repara t ion)  ca-  
nine, and feline ~ - fe topro te in  on the healing of skin wounds in r a t s  and mice  was compared .  The r e s u l t s  
showed that  the ~- fe topro te in ,  r e g a r d l e s s  of the spec ies  of animal  and method of its isolation, acce l e r a t ed  r e -  
genera t ion (Table 1). The s imi l a r i t y  between the r e s u l t s  obtained by the use of human and an imal  ~ - f e t o p r o -  
rein indicates absence of strict species specificity of its stimulating action. 

~-Fetoprotein is thus a physiologically active substance capable of stimulating processes of reparative 
regeneration. 
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