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treated group whereupon the level of blood 
glucose rose sharply above the values for the 
treated rats which continued to work for 
periods up to 1 2  hours. The total average 
number of recorder revolutions for the group 
treated with ACE was 9482 t 613 and the 
corresponding value for the untreated group 
was 5361 i. 261. The difference (4121 t 
1345) meets the usual requirements for sta- 
tistical reliability. 

Discussion. The presence of the liver and 
other intra-abdominal organs is not required 
for an effect of adrenal cortical hormones upon 
muscle work. This does not mean that the 
normal role of the liver in adrenal cortical 
physiology is unimportant. 

The basis of this extra-hepatic effect of ACE 
upon the utilization of glucose is not under- 
stood. 

Summary. The continuous intravenous in- 
jection of adrenal cortical extract to adrenal- 
ectomized-eviscerate rats improved work out- 
put during the faradic stimulation of muscle 
in one hind leg. There was a concomitant ele- 
vation of blood glucose above the level of the 
untreated rats when the animals continued to 
work. When both hind legs were stimulated, 
muscular responsiveness was completely lost in 
each of the untreated rats within 6 hours and 
there was an immediate rise in the level of 
blood glucose above the values for the treated 
rats which continued to work. 

The Of muscle in the rat greatly KgE pRW. Sot. EXP. BIOL. AND Mm., 
accelerates the oxidation of glucose(6). On 1938, v39, 151. 
this basis it would be expected that the greater 
work output of the rats treated with ACE 
would increase glucose tderance above that 
of untreated rats. Although muscle work dozs 
have a major effect upon glucose tolerance as 
is evidenced by the results of experiment 3 
(Fig. 3) .  the effect of ACE in decreasing glu- 
cose tolerance can mask the effect of small D. J., Unpulblished data. 
differences in work output as shown in experi- 
ments 1 and 2 (Fig. 1 and 2) .  This effect of 
adrenal cortical extract in suppressing the 
glucose tolerance of eviscerated rats was previ- 
ously observed in non-working animals ( 7 ) .  
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Soyin, A Toxic Protein from Soybean 111. Immunochemical Properties." 
(20410) 

IRVIN E. LIENER AND JOSEPH E. ROSE. (Introduced by Paul D. Boyer) 
From the Department of Agricultural Biochemistry, University of Minnesota, St .  Paul, Minn.  

Some of the biological and physical proper- 
ties of soyin, a toxic protein recently isolated 
from defatted soybean flour, have been de- 
scribed previously ( 1-4). Electrophoretic and 
diffusion measurements of soyint revealed a 
high degree of homogeneity, whereas sedimen- 

tation data indicated contamination with a 
small quantity of low molecular weight im- 
purity(3). In  the present investigation im- 
munological technics were employed to obtain 
more precise information regarding the hom- 
ogeneity of soyin. The data which were ob- 
tained also permitted a calculation of the soy- 
in content of the original soybean flour from 
which the soyin had been prepared. 

- _ _ _ _ _ _ _ _ - ~ _ _ -  
*Paper No. 3027 Scientific Journal Series, Minn. 

f The most highly purified fraction which has thus 
Agr. Exp. Station. 

far been possible to prepare. Methods. Preparation of soyin and crude 
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FIG. 1. Observed precipitin reaction of soyin ‘Antiserum A’ with soyin (-o--o-) and CBBE 
(-O---O-). r p p e r  and lower abscissae refer to quantity of soyin N and CSBE N added re- 
spectively. P10.t of the ratio of antibody N (total N precipitated minus soyin S )  to antigen 

(soyin) N vs antigen (soyin) N is shown by the curve (-X-X-). 

soybean extract (CSBE).  The soyin prepara- 
tion used in this work was the same as that 
used for the physical studies previously re- 
ported(3). The crude soybean extract was 
prepared by suspending 1 part of defatted soy- 
bean flour: in 10 parts of 0.9% NaCl. The 
pH was adjusted to 6.7, and the solution was 
stirred vigorously for 1 hr at  room tempera- 
ture. The clear, yellow supernatant that re- 
mained after centrifuging will be hereafter re- 
ferred to as CSBE. Hemagglutinating tests 
(described below) on extracts of the insoluble 
residue showed that all of the hemagglutinat- 
ing activity had been removed by the first 
extraction. Preparation of soyin antiserum. 
A rabbit was immunized by injecting soyin 
intravenously at  levels of 1.5 mg, 3.0 mg, and 
6.0 mg 3 times per week during the first, 
second, and third weeks respectively. Five 
days after the last injection blood was with- 
drawn by cardiac puncture and allowed to 
clot. The serum, centrifuged free of the re- 
tracted clot, was preserved by adding 0.1 mg 
merthiolate per ml, and stored in the re- 
frigerator. No attempt was made to remove 
the complement from the serum. Serum ob- 
tained from this rabbit will be referred to as 

$ Nutrisoy XXX, Archer-Daniels-Midland Co., 
Minneapolis, Minn. 

‘Antiserum A’. Precipitin technic. Various 
dilutions of soyin or CSBE (0.9% NaCl as 
the diluent) in a volume of 1 ml were 
added to 1 ml of diluted soyin antiserum (1 
part serum + 2 parts of 0.9% KaCl). Appro- 
priate controls of diluent plus antiserum and 
diluent plus antigen were likewise prepared. 
The tubes were held at  3 7 “C for 1 hr, and kept 
in the refrigerator for at  least 48 hrs before 
centrifuging. The precipitates were washed 
according to the procedure of Kabat and 
Mayer(5) and analyzed for nitrogen by the 
method of Lanni et d ( 6 ) .  The latter pro- 
cedure was also found to be very satisfactory 
for determining the nitrogen content of CSBE 
and solutions of soyin. Toxicity and hemag- 
glutinating activity. The methods used for 
determining toxicity and hemagglutinating ac- 
tivity have been described previously ( 1 ) . The 
effect of soyin antiserum on the hemagglu- 
tinating activity of soyin and CSBE was as- 
sessed in a quantitative manner by the follow- 
ing modification of the procedure described 
by Kabat and Mayer(5). To various dilu- 
tions of the antiserum (with 0.9% NaCl as 
the diluent) in a volume of 0.5 ml was added 
a constant amount of soyin or CSBE in a 
volume of 0.2 ml. After the tubes were kept 
at 37°C for 1 hr, 10.2 ml of a 4% washed 
suspension of rabbit erythrocytes in 0.9% 
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FIG. 2. Observed precipitin reaction of soyin antiserum B with soyin (-~---o-). Extrapola- 
tion to  0 of that portion of the observed curve extending beyond 15 pg antigen X added is shown 
by tlia curve (-----). IXubtraction of She extrapolated curve from the observed curve gives 

the true soyin-antisoyin curve (. . . . . . . >. 

NaCl was added to each tube. After holding 
at 37°C for an additional hr, the highest dilu- 
tion of the serum causing complete inhibition 
of agglutination was recorded. 

Results and discussion. Precipitin tests. In 
Fig. 1 are presented the data obtained when 
‘Antiserum A‘ was tested against soyin and 
CSEE. Plotting the total amount of N pre- 
cipitated as a function of soyin N added gave 
a curve with the characteristic zones of anti- 
body excess, equivalence, and antigen excess. 
The curve obtained with CSBE could be super- 
imposed on the soyin curve in the region of 
antibody excess by reducing the units along 
the antigen axis by 1/50. If one assumes 
that these curves represent the reaction of a 
single antigen and a single antibody, the soyin 
content of CSBE would be a%.§ Actually, 
however, the following lines of evidence sug- 
gested that the system involved here was not 
a simple reaction between 2 single compon- 

8 The phrase “soyin content of CSBE’’ as employed 
in this paper refers to the mtio of soyin N to CSBE 
X ( x 100 if expressed percentagewise). 

ents: a) as shown in Fig. 1 a plot of the ratio 
of antibody N (Ab) to antigen N (An) vs 
An failed to give a straight line such as would 
be expected from the Heidelberger-Kendall 
equation(7) Ab/An = a-bAn for a homo- 
geneous antigen-antibody system, b) tests on 
the supernatants revealed an excess of both 
antigen and antibody at  the point of maximum 
precipitation, and c) complete solubility of the 
specific precipitates in the region of antigen 
excess was not obtained. According to Cohen 
et a l . ( 8 )  these facts provide strong evidence 
that the antibody-excess portion of the curves 
shown in Fig. 1 actually represents the sum 
of the reactions of soyin with its antibody and 
of a minor impurity with its antibody. This 
would, of course, invalidate any attempt to 
determine the soyin content of CSBE without 
first applying suitable corrections for the im- 
purity. 

To resolve the problem imposed by the pres- 
ence of an impurity, advantage was taken of 
the fact that prolonged immunization favors 
antibody production against minor impuzities 
(9). A rabbit injected with soyin according 
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FIG. 3. Obscr~cd preeipitin reaction of so+n antiserum B with GSBE (-o-c,-). Extrapo- 
lation to 0 of that. portion of the observed curve extending beyond 250 pg antigen K added is 
slio~vn by the curve (- - - - -). Subtraction of the extrapolated curve from the observed curve 

gives the true soyin-antisoyin curre (. . . . . . .). 

to the previously described schedule was given 
additional injections of 2 mg a t  intervals of 
1 week over a period of two months. As shown 
in Fig. 2 and 3 the serum from such an animal 
(‘Antiserum B’) when tested against soyin and 
CSBE now gave unequivocal evidence for the 
presence of at least 2 components.ii I n  fact 
the rabbit produced more antibody against the 
impurity than against soyin itself, Following 
the procedure suggested by Cohen et aZ.(8),  
the equations describing the reaction of the 
impurity with its antibody (portions of the 
curves exceeding 15 and 250 pg antigen N in 
Fig. 2 and 3 respectively) were calculated, 
and the curves were extrapolated to 0. The 
true soyin-antisoyin curve is then given by 
the difference between the observed and ex- 
trapolated portion of the curve. I t  can be 
readily shown that the true soyin-antisoyin 
curves obtained with soyin and CSBE (Fig. 
2 and 3 respectively) are superimposable in 
the region of antibody excess when the ratio 

11  The agar diffusion ‘technic of Becker and Munoz 
(10) revealed presence of two distinct bands when 
‘Antiserum B’ was reacted with soyin. 

of soyin N to CSBE N along the antigen axis 
is 1 : 10. This would indicate therefore that 
the soyin content of CSBE is closer to 10% 
than the 2 %  value which had been obtained 
when the presence of the impurity had not 
been taken into account: 

‘Antiserum B’ gave a negative capillary 
precipitin test with the crystalline soybean 
trypsin inhibitor described by Kunitz( 11) .B 
This fact coupled with the observation that 
soyin has no antitryptic activity(1) makes it 
extremely unlikely that the impurity revealed 
by the quantitative precipitin test is the soy- 
bean trypsin inhibitor of Kunitz. 

Toxici ty  and hemagglutinating data. A 
comparison of the toxicity and hemagglutinat- 
ing activity of soyin and CSBE is made in 
Table I. The inhibitory effect of *Antiserum 
A’ on the hemagglutinating activity of soyin 
and CSBE is shown in Table 11. The results 
obtained with ‘Antiserum B’ were essentially 
the same as those given for ’-4ntiserum A’. 
The soyin content of CSBE calculated from 

7 Purchased from Worthington Biochemical Labora- 
tory, Freehold, N. J. 



IMMUNOCHEMICAL PROPERTIES OF SOYIN 543 

TABLE I. Toxicity and Hemagglutinating Activ- 
ity of Soyin and a Crude Soybean Extract (CSBE) . 

Soyin OSBE 

Toxicity" 
LD5,, nig X/kg body wt 7.0 77.0 
% toxic N 100.0 t 9.1 

Hemagglutinating activity 
N conteiit of original sol., 57.5 300.0 

IIigliest dilution showing ag- 1:16 1:8 
pg N/ml 

glutina tioii 
Heinagglutinating titer, pg N$ 3.6 37.5 
70 liemagglutinin N 100.0 t 9.6 

* 14dministered intraper. into young weanling 

t Assumed as point of reference. 
$ S content of highest dilution showing positive 

evidence of agglutinakion under conditions specified 
in(1). 

rats as described in(1).  

TABLE 11. Inhibition of Hemagglutinating Ac- 
tivity of Soyin and a Crude Xmoybean Extract 

(CSBE) by Soyin ' Antiserum A. ' 
Xoyin QSBE 

pg S added to each tube 11.5 60.0 
Dilution of aiitiscrum causing 1:4 1:8 

complete inhibition ,of 
agglutination 

antiserum 
pg S iieutralizecl by 1 nil 46 480 

70 liemagglutinin S 100.0" 9.6 

'h Assume:l as point of reference. 

T,QBLE 111. Calculation of Soyin Content of De- 
fatted Sovbean Flour. 

( a )  mg CSBE N,/g flour" 
(b) mg soyin N/mg USBE N t .095 
( c )  Total irlg soyin K/g flour ( a  X b)  4.7 

49.5 

(d) nig soyin N/g soyint 146.0 
( e )  7% soyiii in flour (c/d X 100) 3.2 

" This represents total amount of N extracted 
from 1 g soybean flour by 10 ml 0.9% NaCI at p H  
6.7 and 25°C. 

t Avg value for soyin content of CISBE based on 
quantitative precipitin, toxicity, and hemagglu- 
tinating data. See Tables I and I1 i n  conjunction 
with text. 

$ N coiitent of soyin on dry w t  basis z 14.6%. 

toxicity data, hemagglutinating activity and 
inhibition of hemagglutinating activity by 
soyin antiserum was 9.1%, 9.6%, and 9.6% 
respectively. These values are in substantial 
agreement with the amount of immunologi- 
cally active soyin present in CSBE (10.0%). 

Soyin content of soybean pour. Using an 
average value of 9.5% for the soyin content 

of CSBE, it is possible to calculate the soyin 
content of the soybean flour from which soyin 
was prepared. As shown in Table I11 this 
value is approximately 3 % . This information 
proved to be particularly useful in rat growth 
studies designed to determine to what extent 
soyin was responsible for the poor nutritive 
value of raw soybean protein(2). In  these 
experiments it was necessary to incorporate 
soyin into a basal ration containing heated 
soybean flour a t  a level which approximated 
the soyin content of a similar ration containing 
the unheated flour. These studies showed 
that soyin accounted for one-half of the 
growth inhibition that is obtained when un- 
heated soy flour replaces the properly heated 
flour in the diet. 

Miscellaneous observations. Anaphylaxis. 
Guinea pigs were sensitized with an intra- 
muscular injection of 0.1 mg soyin, and, three 
weeks later, were challenged with an intra- 
cardial dose of 20 mg. Death which ensued 
within 20 minutes was preceded by symptoms 
characteristic of anaphylactic shock (rubbing 
of the nose, dyspnea, and convulsions). Non- 
sensitized controls receiving the same intra- 
cardial dose of soyin also succumbed, but 
death in this instance was delayed several 
hours with no evidence of anaphylaxis. 

An attempt to produce active immunization. 
Sera obtained from rats which had been given 
intramuscular injections of soyin (0.1 mg 3 
times per week for 3 weeks) gave a positive 
capillary precipitin test with soyin. Such 
animals, however, were just as susceptible to 
the toxic effects of soyin as normal controls. 

EBects of oral ingestion. Experiments were 
conducted to ascertain if soyin is absorbed 
from the gastrointestinal tract of animals con- 
suming the unheated flour. Sera taken from 
rats fed diets containing unheated soybean 
flour gave no precipitin reaction with soyin. 
Guinea pigs fed diets containing the raw 
flour did not become sensitized to a subse- 
quent shocking dose of soyin, nor did sensi- 
tized guinea pigs display any evidence of an- 
aphylactic shock when they were subsequently 
fed diets containing raw soy flour. Soyin, ad- 
ministered to rats by stomach tube up to a 
level of 500 mg/kg, did not produce death. 
This is about 10 times the dose which is toxic 



544 TELEPAQUE EXCRETION 

intraperitoneally. This evidence strongly sug- 
gests that soyin may not be absorbed, or it 
may be inactivated as the result of digestive 
processes in vivo. This view is not neces- 
sarily inconsistent with the previous observa- 
tion that the growth inhibition of rats fed 
soyin is simply the result of lowered food in- 
take( 2 ) .  

Summary. The quantitative precipitin 
technic revealed that the most highly purified 
preparation of soyin available was not strictly 
homogeneous as had been previously indicated 
by electrophoretic and diffusion measurements. 
By applying suitable corrections for the minor 
impurity present in soyin, the soyin content 
of a crude saline extract of defatted soybean 
flour was found to be approximately 10%. 
Toxicity and hemagglutinating data gave re- 
sults which were in substantial agreement with 
this value. The soyin content of defatted soy- 
bean flour is about 3%. 
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Excretion of 3- (3-Amino-2,4,6-Triiodophenyl) -2-Ethyl-Propanoic Acid 
(Telepaque) by Man.* (20411) 

J. SPALDIPU'G SCHRODER AND DONALD ROONEY. (Introduced by Arthur P. Richardson.) 
From the Department of Mcdicine, Emory University School of Medicine, Emory University, Ga. 

Recent reports ( 1-8) conclude that 3- (3- 
amino- 2,4,6-triiodophenyl) - 2-ethyl-propanoic 
acid (Telepaque) is superior to any of the 
cholecystographic media now available be- 
cause of a significant reduction in the inci- 
dence of undesirable side effects and better 
gallbladder visualization. Studies on the ex- 
cretion of this material by man have not been 
reported. McChesney and Wyzan (9) have 
studied the excretion of Telepaque by rats 
and recovered from 7 7 . 5 %  to 84.57, of in- 
gested dye in the feces and from 2.176 to 
4.8% in the urine, after the animals had been 
on the Telepaque-containing diet for 7 days. 
11.3% to 11.8% was recovered from the di- 
gestive tract, and most of this material would 

* This investigation was supported by a research 
grant from the National Institutes of Health, Public 
Health Service. 

have appeared in the feces in time. These 
findings are in sharp contrast to the excretion 
of beta- (4-hydroxy-3,5-diiodophenyl) -alpha- 
phenyl-propionic acid (Priodax) by man as 
reported by Crismer( lo) ,  who was able to re- 
cover 19% of the total ingested Priodax from 
the feces and 74% from the urine. The pur- 
pose of this communication is to report our 
findings on the excretion of Telepaque by 
man. 

Method. Two grams of Telepaque (con- 
taining 1333.6 mg iodine) was given to five 
adults with normal gastrointestinal tracts. 
'The 4 tablets were taken with supper at 
6 P.M. when collection of 24-hour urine and 
fecal specimens was started. All the urine 
and feces were collected, thoroughly homogen- 
ized, and analyzed for total iodine present 
during the five 24-hour periods following the 
administration of the Telepaque. The iodine 


