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Glycoprote ins  isolated f r o m  the cock l iver  and spleen by the phenolic method,  when injected into 
chick e m b r y o s ,  s t imula te  growth of the cor responding  organs  and lymphoeytepoies i s  in them.  Relat ive o r -  
gan speci f ic i ty  of act ion of cock l i ve r  and spleen glycoprote ins  has been es tabl ished.  Species specif ic i ty  of 
act ion of the studied g lycopro te ins  is obse rved .  

When studying s y s t e m s  regulat ing growth of embryonic  t i s sues  and o rgans ,  many inves t iga tors  have 
d i scovered  effects  of t i s sue  t r ansp lan t s ,  homogena tes ,  and ex t r ac t s  on growth p r o c e s s e s  [6, 7, 8, 11]. Be-  
fo re  an u p - t o - d a t e  theory  of the regulat ion of growth p r o c e s s e s  can be  formula ted ,  the nature  of subs tances  
respons ib le  for these  specif ic  effects  mus t  be de te rmined .  

For various reasons [9] it is considered that stimulation of growth of the liver and spleen observed in 
the late stages of embryonic development is due to glyeoproteins, which can be isolated from the tissues 
and organs of animals by Westphal's method [12]o The object of this investigation was to testthis hypothesis. 

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 3000 chick embryos  of the Russ ian  White b reed .  P repa ra t ions  of 
g lycoprote ins  were  injected into the yolk sac or  a r e a  vascu losa  of embryos  at  the 8th-13th day of develop-  
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Fig. 1. Growth-s t imula t ing  act ion of g lycoprote ins  
(17-day chick embryos ) .  Excess  of r e l a t ive  weight 
of organs  of expe r imen ta l  e m b r y o s  ove r  that  of 
contro ls  plotted along ve r t i c a l  axis .  A, B) Rela-  
t ive o rgan  spec i f ic i ty  of g lycoprote in  action.  

ment .  The embryos  and the i r  organs  were  weighed 
1-7 days l a t e r .  The effect  of g lycoprote ins  ongrowth 
of the embryonic  organs  was e s t ima ted  f rom changes 
in the absolute  and re la t ive  weight of the l i v e r , h e a r t ,  
and spleen.  Morphological  invest igat ion of the o r -  
gans by the k a r o m e t r i c  method was a lso  c a r r i e d  
out. Intact  embryos  injected with physiological  s a l -  
ine (0.85% NaC1 solution) acted as cont ro ls .  The 
g lycoprote in  f rac t ion  was isolated f r o m  the l ive r ,  
spleen,  and s tomach  of cocks by the method desc r ibed  
above,  reprec ip i t a ted  f r o m  ethanol s eve ra l  t imes ,  
and in some  expe r imen t s  pur i f ied by  u l t r acen t r i fuga -  
t ion [12] and by  t r e a t m e n t  with r ibonuclease  [2]. 
The chemical  composi t ion of the l iver  and spleen 
glyeoprote ins  is given in Table  1. 

Monosacchar ides  (g lycosamine,  ga lac tose ,  
g lucose,  mannose ,  and fucose),  and also the amino 
acids lys ine ,  his t idine,  arginine,  a spa r t i e  acid,  s e r -  
ine, glycine,  g lu tamic  acid,  threonine ,  alanine,  p r o -  
l ine,  val ine,  and phenylalanine,  were  identified in the 
l ive r  and spleen glycoprote in  p repa ra t ions  by ch ro -  
matography  on paper .  Tryptophan,  ty ros ine ,  and cys -  
teine were  not found by quali tat ive reac t ions  or  
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TABLE 1. 
Glycoproteins 

Chemical Composition (in %) of Maximally Purified Preparat ions  of Cock Liver  and Spleen 

RNA 

18.7 1.0 4.9 
20.1 1.7 5.2 

Carbo-  Poly-  
Prepara t ion  

hydra tes  peptide 

51.0 
49.0 

Spleen glycoprotein 
Liver  glycoprotein 

Hexos-  Sialie Uronic 
Nitrogen amines acid Sulfates acids 

22.1 
19.9 

2.9 
3.8 

Absent 
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Fig. 2. Dynamics of changes in r e l a -  
rive weight of l iver  of chick embryos  
af ter  injection of cock l iver  g lyeopro-  
rein. Abscissa ,  days of incubation; 
ordinate,  excess of relat ive l iver  
weight of experimental  embryos  over  
controls .  

chromatography.  The qualitative tes ts  for  lipids was negative. 
The numer ica l  results  were subjected to stat is t ical  analysis  by 
Student 's method and by dispers ion and r eg res s ion  analysis  
[1, 5]. 

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

Injection of the glycoprotein fract ion of l iver  and spleen 
into l l - 1 2 - d a y  embryos  in a dose of 120-250 pg caused an in- 
c r ease  in absolute and relative weight of the corresponding o r -  
gans on the 16th-17th day of incubation, showing relat ive organ 
specifici ty (Fig. 1A, B). As with the action of t ransplants  and 
homogenates,  the effect of st imulation of organ growth produced 
by glycoproteins appeared af ter  a latent period of 3-5 days and 
reached a maximum by the 14th or 17th day of development,  
af ter  which it diminished (Fig. 2). The existence of a latent 
period and a maximum of stimulation on the 14th or 17th day of 
development distinguished the action of glycoproteins from that 
of cock liver RNA [4] and plasma albumin [3], which stimulate 
organ growth after 24 h and at earlier stages of embryonic de- 
velopment. 

The glycoprotein preparat ions  contained RNA as an impuri ty (Table 1), but t rea tment  with ribonuele- 
ase [2] did not remove their  growth-s t imulat ing activity,  as demonstra ted by coincidence of the regress ion  
lines of l iver  weight of embryos  af ter  injection of l iver glycoprotein,  both t reated with r ibonuclease and un- 
t rea ted  (Fig. 3), and the result  of dispers ion analysis  (Table 2). Trea tment  of the glycoprotein p repa ra -  
tions with t ryps in  [2] likewise did not remove their  growth-s t imulat ing activity,  i .e. ,  the peptide bond in 
carboxyl res idues of the diamino acids does not part icpate in the growth-s t imulat ing effect. 

After injection of l iver  glycoprotein,  islets consist ing of cells of the ret iculo-endothelial  sys tem (RES) 
were  formed in the l iver  parenchyma along the course  of the blood vesse l s .  These cells were  closely r e -  
lated to the adventitia of the blood vesse ls  and isolated them from the l iver  parenchyma.  The ring formed 
by the RES cells was usually i r r egu la r  in shape and its a rea  was independent of the diameter  of  the vesse l .  
Small, round islets  of RES cells ,  unconnected with blood vesse l s ,  were also seen in the l iver .  In the con- 
t rol  exper iments ,  no islets of RES cells developed in the l iver  parenehyma of 17-day embryos .  

Injection of spleen glycoprotein into 12-day embryos  acce lera ted  the development and formation of 
the splenic pulp: in 16- and 17-day embryos the number of developing and differentiating follicles was 
g rea t e r  than in the control embryos .  Lymphoeytes were present  in the s t roma  of the developed splenic 
foll icles.  The identical cha rac te r  of var iance  curves of the dimensions of the nuclei of lymphocytes formed 
in the l iver  and spleen after  injection of l iver  glyeoprotein was demonstrated karyomet r ica l ly .  The curves 
were  unimodal. The mean d iameter  of the lymphocyte nuclei in the l iver  was 3.4~:0.06 # and in the spleen 
3.29 ~: 0.07 # (P = 0.2). 

Stomach glyeoprotein,  when injected into chick embryos  in doses of between 1 and 7 #g (in doses of 
between 20 and 500 gg it gave a definite toxic effect) produced changes neither in the weight of the embryos  
nor in the absolute or  relat ive weight of their  organs .  

Injection of glycoproteins f rom rabbit  l iver ,  human l iver  and s tomach,  mouse spleen and l iver ,  and 
monkey s tomach into 11- and 12-day chick embryos  in doses of between 30 and 2000 #g, and injection of 
pyrogenal  (bacterial  l ipopolysaceharide) in doses of between 5 and 100 #g caused no changes in the weight 
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Fig. 3. Effect  of l i ve r  g lycoprote in ,  t r ea t ed  with 
r ibomlc lease ,  on re la t ive  weight of l i ve r  of 17-day 
chick e m b r y o s .  Absc i s sa ,  weight of em bryos  (in g); 
ordinate ,  re la t ive  weight of l ive r  (• 102). A 
Glycoprote in  un t rea ted  with r ibonuclease ;  O . . . . .  
g lyeoprote in  t r ea t ed  with r ibonuclease ;  A 
0.85% NaC1; �9 0.85% NaC1 + r ibonuc lease .  
a) 0.85% NaC1 + RNAase; b) Glycoprote in  + RNAase~ 

TABLE 2. Dispers ion  Analys is  of Action of Liver  
Glycoprote in  before  and a f t e r  Ribonuctease  T r e a t -  
ment  

Preparation 

Glycoprote in  be fo re  
t r e a t m e n t  

Glycoprote in  t r ea t ed  
with r ibonuclease  

Note. 

Degree  
of ef-  
fee t  ~z 

0.45 

0.46 

Significance 
of effect F 

57.0 

63.3 

Limiting values for P <- 0.001, F --- 14. 

of the liver, heart, and spleen of embryos between 
the 16th and 18th day of development. Disaecharide 

(sucrose) and monosaceharide (glucose, galactose, 
glycosamine), as was to be expected, in analogous 
doses had no effect on the weight of the embryonic 
organs .  

It  can be concluded f r o m  the r e su l t s  desc r ibed  
above that g lycoprote in  f rac t ions  of the l ive r  and 
spleen,  which have been cal led " t issue mucopoly-  
s a c c h a r i d e s "  [10], if injected into chick embry o s  
s t imulate  growth of the cor responding  organs .  
The act ion of these  g lycoprote ins  shows re la t ive  
o rgan-spec i f i c i ty .  Growth s t imulat ion is to some  
extent linked with s t imulat ion of lymphocytopoies is .  
However ,  it is difficult  to imagine that  inc reased  
lymphocytopoies is  l ies  a t  the bas i s  of the re la t ive  
o rgan- spec i f i c i ty  of the effect,  and for  this r e a so n  
the effect  of g lycoprote ins  on growth of the l ive r  
pa renchyma  is being invest igated.  

Spec ie s - spec i f i c i ty  of act ion of the inves t i -  
gated glyeoprote ins  is noteworthy.  

The resu l t s  of these  expe r imen t s  suggest  
that  the t i s sue  glycoprote ins  a r e  one of the links 
in the genera l  s y s t e m  regulat ing growth of organs  
during e m b r y o g e n e s i s .  
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