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amounts of tissue or to a failure of the rudi- 
ment to differentiate cytologically and to pro- 
duce corticotropin remains to be elucidated. 

Summary. Hypophyseal rudiments from 
tail bud stage embryos and hypophyses from 
tadpoles of various stages were homograf ted 
under the median eminence of adult Bufo 
bufo males with extirpated pars distalis. The 
rudiment had no effect on moulting or sur- 
vival of the recipient, but the tadpole hy- 
pophysis increased survival time in 23 of 30 
recipients. Most of the toads surviving longer 
than the controls showed periods with nor- 
mal moulting. The best results were obtained 
with transplants from the advanced tadpole 
stages. Corticotropic activity of the trans- 
plant was probably responsible both for nor- 
mal moulting and increased survival time. 

Homograft reactions resulted in destruction 
of the transplants after several weeks or 
months. 
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Extracts of rat and rabbit collagen made 
with acetic acid or neutral salts have proved 
antigenic insofar as they induce complement 
fixing antibodies ( 1,2). Since these studies 
were performed with crude and heterogeneous 
preparations of connective tissue, we have 
now attempted to determine the antigenicity 
and immunological specificity of purified sol- 
uble and insoluble collagen preparations. 

Materials and methods. Leg tendons from 
old (6-8 months) and young (20-30 days) 
Leghorn chickens were used. Acetic acid ex- 
tract of tendon collagen was prepared as pre- 
viously reported by others ( 1 ) . The fraction- 
ation procedure of Jackson (3,4) was applied 
to tissues of young chickens in order to ob- 
tain larger quantities of the water-soluble 
protein fraction, neutral salt-soluble fraction 

*This investigaticn was carried out during the 
tenure of a Postdoctoral Research Fellowship from 
Consejo Nacicnal de Investigaciones Cientificas y 

and acid-soluble fraction (3,4,5) ; the insol- 
uble fraction was obtained from the tissues 
of older chickens. With exception of the por- 
tion extracted with acetic acid, collagen frac- 
tions were purified by successive washings 
and reprecipitations (3,4), and finally lyophil- 
ized. Proline and hydroxyproline contents 
were determined by established methods (6, 
7 ) .  

Two lots (6  animals each) of adult male 
rabbits, each 6 months old and weighing 3 
kg, were immunized, one group with acetic 
acid extract and the other with insoluble 
fraction. In each case an homogenate of the 
antigen in 0.01 N acetic acid ( 1  mg protein/ 
ml) was administered intraperitoneally, a 
schedule of 4 injections per week with regu- 
larly spaced rest periods being followed. 
Blood samples were obtained at 4, 5 and 6 
months after start of immunization. Anti- 
bodies against the soluble fractions were in- 

Tecnicas, R. Argentina. duced by injection of 3 lots (6 animals each) 
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TABLE I. Proline and Hydroxyproline Contents 
of Different Collagen Fractions. 

Hydroxy- 
Proline proline Ratio 

(mg/100 mg) (pro : hypro) 

Neutral salt- 10.62 9.87 1.0 

Citrate-soluble 10.68 9.73 1.1 
Insoluble 12.23 10.63 1.1 
Water-soluble 10.48 1.14 9.2 

soluble 

proteins 

of adult guinea pigs; in these instances, anti- 
gens were dissolved in 0.01 N acetic acid (1 
mg protein/ml) and homogenized with 1 ml 
of complete Freund’s adjuvant. Animals were 
injected intracutaneously a t  multiple sites 
twice a week for 4 weeks with aliquots of 1 
ml of this mixture. As controls, 5 guinea 
pigs received the adjuvant alone and another 
6 were injected with chicken serum; 4 rab- 
bits also received chicken serum. 

Complement fixation (8), test tube precipi- 
tin reaction (9) and passive cutaneous ana- 
phylaxis by the method of Ovary( 10) were 
applied. All fractions used as antigens in 
these immunological tests were homogenized 
in 0.01 N acetic acid, using buffer to adjust 
the pH to 7.0 before use in the tests. Speci- 
ficity of antibodies was checked by absorb- 
ing the antisera with the purified prepara- 
tions of collagen and comparing results ob- 
tained in the complement fixation test with 
those obtained using unabsorbed solutions of 
antisera. 

Results. As seen in Table I, the determina- 
tion of proline and hydroxyproline contents 
of soluble and insoluble collagen fractions 
used in this study yielded ratios between 
these components which agree with estab- 
lished values for similar collagen fractions. 

Complement fixation tests demonstrated 
that some of the animals in each group de- 
veloped antibodies against proteins found in 
the acetic acid extract and in the soluble and 
incoluble collagen fractions. Titers in general 
were low, and ranged between dilutions of 
I : 16 to 1 : 128; they were highest for antisera 
obtained with the neutral salt-soluble frac- 
tion and lowest for those obtained with the 
citrate-soluble fraction. Variable and neg- 
ligible titers were obtained by the precipitin 

test on overnight incubation. Antisera pro- 
duced by injection of acetic acid extract not 
only reacted with this fraction, but also with 
the neutral salt-soluble and citrate-soluble 
fractions; however, they reacted only to an 
insignificant extent with the insoluble frac- 
tion and not at all with the water-soluble 
protein fraction. Antisera to the citrate- 
soluble and insoluble fractions reacted only 
with corresponding antigens ; whereas cross 
reactions were observed between antisera to 
the water-soluble protein fraction and the 
neutral salt-soluble fraction per se as well as 
between antisera to the neutral fraction and 
the water-soluble proteins. Table I1 shows 
typical results obtained with the complement 
fixation and tube precipitin tests. The Ovary 
test gave variable and non-specific results 
not only with antigens in direct reactions, 
but also in cross reactions and, in some in- 
stances, even with normal rabbit serum. No 
antibodies to the soluble or insoluble frac- 
tions or to the acetic acid extract could be 
found in sera of animals injected with Freund’s 
adjuvant alone or with chicken serum. After 
absorption with corresponding purified col- 
laqen fractions, antisera gave negative results 
in complement fixation tests. 

Discussion. The antigenic potencies of 
purified collagen fractions used in this study 
were revealed by induction of comdement 
fixing and possibly precipitating antibodies ; 
titers obtained were often low. This is in 
accord with results of others as concerns the 
acetic acid extract ( 1) and collagen-contain- 
ing saline extracts of connective tissue from 
tendons of young or adult rabbits(2). Of 
special interest is the high titers obtained 
with antisera to the neutral salt-soluble frac- 
tion. That these antigens were not contami- 
nated with chicken serum proteins was dem- 
onstrated by negative serologic results ob- 
tained with their respective antisera. Evi- 
dence of specificity of the antigens used in 
the direct reaction was shown by negative 
complement fixation tests obtained after ab- 
sorption procedures. 

From our results alone one cannot con- 
clude whether the several fractions of colla- 
gen are different or similar. More data com- 



100 ANTIGENICITY OF COLLAGEN FRACTIONS 

TABLE 11. Specificity of Anticollagen Antibodies. Direct and cross reactions. 

Complement Oudin pre- 
fixation test cipitin test 

Maximum dilution of 
antiserum yielding Fraction used as 

Antiserum obtained by injection of:  antigen in  test positive test+ 

Rabbits with acetic acid extract 

Rabbits with insoluble fraction 

(3uiiic.a pigs with water-soluble proteins 

Guinea pigs with neutral salt-soluble 
fraction 

Guinea pigs with citrate-soluble frac- 
tion 

Acetic acid extract 
Insoluble fraction 
Water-soluble proteins 
Neutral salt-soluble fraction 
Citrate-soluble fraction 
Iiisoluble fraction 
Water-soluble proteins 
Neutral salt-soluble fraction 
Citrate-soluble fraction 
Water-soluble proteins 
Insoluble fraction 
Neutral salt-soluble fraction 
Citrate-soluble fraction 
Neutral salt-soluble fraction 
Iiisoluble fraction 
Citrate-soluble fraction 
Water-soluble proteins 
Citrate-soluble f raetion 
Insoluble fraction 
Neutral salt-soluble fraction 
Water-soluble fraction 

1:64 
.1:8 
n?g. 
1:32 
1:16 
1:64 
neg. 

99 

9, 

1:32 
iieg. 
1:16 
iieg. 
1 : 128 
neg. 

1:32 
1:16 
neg. 

9 ,  

99  

99  

1:32 
neg. 

1:16 
neg. 
1:8 
neg. 

1 9  

99  

9 9  

1:16 
neg. 
1:8 
neg. 
1:64 
neg. 

1:16 
neg. 

19  

11 

9 9  

11  

* Negative. 

paring amino acid compositions, physico- 
chemical properties and additional serologi- 
cal behavior are needed to support the sig- 
nificance of our immunological findings. Re- 
cently we have used fluorescent antibody 
techniques similar to those employed in other 
collagen studies( 11,12,13,14) to obtain in- 
formation concerning the location in tissues 
of the various types of collagen. Results of 
these studies support the concept that sev- 
eral collagen fractions may be precursors of 
others during the development of collagen 
fibers in embryos and wound healing tissue. 

Summary. These studies appear to dem- 
onstrate existence of a common immuno- 
genic determinant in the fraction of water- 
soluble proteins of connective tissue and the 
neutral salt-soluble fraction ; again, the acid- 
extractable collagen fraction, being heteroge- 
neous, shares a common determinant with 
other extractable fractions. The so-called in- 
soluble fraction of collagen, while being im- 
munogenic, did not yield antibodies capable 

of cross reaction with the soluble collagens. 
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