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As a result of a study of the effect of methionine on the nutritive value 
of diets containing concentrates of the soy bean trypsin inhibitor, Liener, 
Deuel, and Fevold (1) suggested that crude preparations of trypsin in- 
hibitor exert their deleterious effect on growth of rats by a combination 
of two mechanisms: one, an impairment in the availability of methionine 
from dietary protein by virtue of the antiproteolytic activity of the in- 
hibitor, and the other, an effect which remained to be explained by some 
mechanism unrelated to an inhibition of proteolysis. In an attempt to 
obtain additional information concerning this latter effect, studies were 
undertaken in which preparations of trypsin inhibitor derived from raw 
soy bean meal were administered to animals by intraperitoneal inject,ion. 

By-passing the gastrointestinal tract in this manner affords a means 
of studying their mode of action without introducing the complicating 
factor of intestinal proteolysis. The evidence which this paper reports 
points to the existence of a toxic principle in raw soy bean meal which, 
although closely associated with factors which inhibit trypsin, is not iden- 
tical with them. 

EXPERIMENTAL 

The concentrate of crude soy bean trypsin inhibitor used in this study 
was the same preparation employed previously (l), having been prepared 
by the method of Klose et al. (2) from hexane-extracted soy bean flour.’ 
The crystalline soy bean trypsin inhibitor, prepared according to Kunitz 
(3), was purchased from the Worthington Biochemical Laboratory, Free- 
hold, New Jersey. The crystalline material was about 6 times as ac- 
tive as the crude preparation in terms of its ability to inhibit trypsin 
(see Table III). The method of Anson (4) as modified by Borchers 
et al. (5) was used for evaluating the antitryptic activity of the various 

* Paper No. 2269, Scientific Journal Series, Minnesota Agricultural Experiment 
Station. A preliminary report of this work was presented at the Nineteenth annual 
meeting of the Minnesota Academy of Science, at the University of Minnesota, 
St. Paul, April 21, 1951. 

1 Nutrisoy XXX, Archer-Daniels-Midland Company, Minneapolis, Minnesota. 
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preparations of trypsin inhibitor. Trypsin inhibitor units were calculated 
according to the procedure suggested by Kunitz (6). 

Alkaline or acid treatment (6) or ultraviolet irradiation (7) of the 
crude inhibitor concentrate proved to be convenient means of inactivat- 
ing this preparation with respect to antitryptic activity. The alkaline 
treatment consisted of dissolving 400 mg. of the crude inhibitor in 15 
ml. 0.1 N NnOH and keeping it at 37” for 6 hours. Acid treatment was 
accomplished by dissolving 400 mg. of the crude inhibitor in 25 ml. 0.1 
N HCl and keeping it at 55” for 18 hours. In the irradiation procedure, 
a beaker containing a 15 mg. per ml. solution of the crude inhibitor (liq- 
uid depth, 1.5 cm.) was esposed to the radiations of a Hanovia mercury 
arc lamp for 6 hours with the surface of the liquid at a distance of 13 cm. 
from the mercury arc. The temperature was prevented from rising above 
20” by immersing the beaker in a circulating cold water bath. A mag- 
netic stirrer provided continuous agitation throughout the period of ex- 
posure. All solutions, treated as indicated above, were adjusted to pH 
7.0 and diluted with water to give the desired concentration based on t,he 
original weight of the crude inhibitor. 

The rats were of a black strain of Line 3 maintained in this laboratory 
for many years. In any one experiment, weanling animals weighing 45 
to 55 gm. were distributed into comparable groups with respect to litter, 
weight, and sex. Each group, composed of three males and three females, 
was housed in individual screen bottom cages and fed ad l&turn a ration, 
each kilo of which contained expeller soy bean 250 gm., salts (8) 40 gm., 
Crisco 60 gm., sucrose 650 gm., and vitamin supplements (8) modified 
to include 40 y of vitamin B12. 

In the experiment which involved the use of chicks,2 week-old single 
comb, white Leghorn males were distributed into groups of equal weight 
and placed in electrically heated batteries. The chicks were allowed free 
access to a ration, each kilo of which contained expeller soy bean meal 
100 gm., a-protein (Glidden) 200 gm., soy bean oil 40 gm., Salts 2M (9) 
60 gm., glucose 508 gm., choline 2 gm., and vitamin supplements (9) modi- 
fied to include 15 y of vitamin B12. 

The basal rations which have been described were intended to be defi- 
cient in methionine so that effect of supplemental methionine in relation 
to the a&ion of the trypsin inhibitor could be subsequently studied. 

Inhibitor solutions of known concentration were administered to the 
animals by intrapcrit.oneal injection at a level of 10 ml. per kilo of body 
weight. Except in the case of single injected doses, daily weighing of the 
animals was usually necessary in order to determine the volume of inhib- 
itor solut.ion which had to be injected into each animal. 

* The author is greatly indebted to Mr. E. G. IIiII, Division of Poultry Husbandry, 
for his invaluable assistance in the experiment conducted with chicks. 
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Results 

Response to Single, Graded Doses of Crude Trypsin Inhibitor-In Table I 
are summarized the data pertaining to the mortality observed over a 
period of 48 hours when single doses of graded concentrations of the crude 
trypsin inhibitor were injected into rats and chicks. Increasing the con- 
centration of the crude inhibitor not only increased the incidence 
of mortality but also hastened the onset of death. A marked species 
difference between rats and chicks is evidenced by the much greater con- 

TABLE I 

Response to Single Graded Doses of Crude Trypsin Inhibitor Concentrate 
- 

DO% 
No. of deaths 

C-6 hrs. 6-12 hrs. 1 12-18 hrs. 1 18-24 hrs. 1 24-48 hrs. ;zt if ’ 

Rats 

ng. $w k;. 

130 0 
175 0 
225 0 
290 0 
510 0 

moo 0 
1560 2 
m30 3 

- 

-_ 

- 

- 

1 l/6 
1 2/6 
1 4/6 
1 5/6 

W6 
G/f3 
W6 
6/6 

Chicks 

750 0 0 0 0 0 O/6 
1000 0 0 0 0 0 O/6 
1250 0 0 0 0 2 2/6 
1500 0 0 0 4 2 6/12 
2ooo 0 0 0 3 0 3/6 

centration of the crude inhibitor necessary to produce a lethal effect with 
chicks than with rats. From the data obtained with rats, the LDao, cal- 
culated according to the procedure of Reed and Muench (lo), was found 
to be 200 mg. per kilo. The LDso for chicks must be somewhat in excess 
of 2000 mg. per kilo. 

Since the data presented in Table I were obtained with a preparation 
that was almost 3 years old, it was felt desirable to repeat this experiment 
with a trypsin inhibitor concentrate which had been freshly prepared in 
the same manner as before (2). This preparation was found to be some- 
what more potent than the older one, having an LDK, (with rats) of 160 
mg. per kilo. 

Response to Repeated Doses of Crude Trypsin Inhibitor-A dose of the 
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crude inhibitor which had proved to be sublethal in the previous experi- 
ment (130 mg. per kilo) was administered to rats in successive doses ac- 
cording to the injection schedule shown in Table II. The degree 
of growth inhibition appears to be proportional to the frequency with 
which the inhibitor was injected. The daily administration of the crude 
inhibitor resulted in the death of most of the animals within 13 to 20 
days. Aside from a depression of growth, abnormal manifestations were 
observed only in the group which had been injected daily with the crude 
inhibitor. In this group, loss of weight was particularly severe during 
the first few days, followed by a slow gain in weight, which usually ter- 
minated in death. Symptoms preceding death included anorexia, pros- 
tration, dryness and loss of hair, diarrhea, ulcerations at the base of the 
tail, and a marked distention of the abdomen. Postmortem examination 

TABLE II 

Response to Repealed Doses of Crude Trypsin Inhibitor Concentrate Administered 
at Level of 130 Mg. per Kilo of Body Weight 

Injection 

Uninjected control .................. 
Once every 7 days. ............... 

I‘ ‘I 3 “ ............... 
‘I “ 2 “ ................ 

Daily .............................. 

Duration of experiment Gain in weight’ 

&P 

30 
30 
30 

SO? 
13-30t 

gm. gcr day 

1.33 f 0.21 
0.98 f 0.05 
0.84 f 0.05 
0.78 f 0.08 
0.21 f 0.22 

*Mean f standard error of the mean. Six animals per group. 
t One animal died on the 13th day, one on the 16th, two on the 17th, and a fifth 

on the 20th day. The sixth animal survived the experiment. 

of these animals revealed a considerable accumulation of yellowish vis- 
cous fluid in the peritoneal cavity. 

Crude versus Crystalline Trypsin Inhibitor-The crystalline soy bean 
trypsin inhibitor of Kunitz was injected daily at a level which provided 
almost 23 times the antitryptic activity of the crude preparation (Table 
III). In sharp contrast to the crude inhibitor, the crystalline material 
produced neither an inhibition of growth nor a depression in food con- 
sumption. Borchers et al. (11) were likewise unable to obtain inhibition 
of growth by the oral administration of their partially purified trypsin 
inhibitor, which, according to the authors, was presumably identical to 
the trypsin inhibitor of Kunitz. Klose et al. (12), however, found that 
when their soy bean trypsin inhibitor, prepared by the method of Kunitz, 
was fed to young rats growth was markedly inhibited. 

Attempts to Demonstrate Growth Inhibdion in Absence of Antitryptic Ac- 
tivity-Although antitryptic activity per se would not appear to be in- 
volved in the growth inhibition produced by the crude inhibitor, the pos- 
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sibility remained that other trypsin inhibitors known to be present in raw 
soy bean meal (13, 14) might be responsible for growth inhibition for 
some reason other than an ability to inhibit trypsin. It became desir- 
able, therefore, to ascertain whether the growth-inhibiting properties of 
the crude inhibitor would be retained under conditions in which the tryp- 
sin inhibitors are destroyed. To accomplish this, samples of the crude 
inhibitor concentrate were treated with alkali or acid or subjected to 
ultraviolet irradiation by methods already described.s All solutions were 
injected daily at a level of 130 mg. per kilo based on the original weight 
of the crude inhibitor. As shown in Table IV, loss of both antitryptic 
activity and growth-inhibiting properties was accomplished by alkaline 

TABLE III 

Comparison of Crude and Crystalline Trypsin Inhibitor Preparations with Respect 
to Growth and Antitryptic Activity 

Inhibitor preparation 

Antitryptic activity, units X IFa per 
nag. . . .._....... ._... 1.6 10.1 

Dose injected, mg. per kg. per day 130 50 
Antitryptic activity, units X 1P8 per 

kg.perday.......................... 208 505 
Duration of experiment, days. 25 6-w 25 
Gain in weight, gm. per day*. 1.61 f 0.21 0.30 f 0.20 1.65 f 0.20 
Food consumption, gm. per day. 8.2 4.4 8.3 
__- 

* Mean f standard error of the mean. Six animals per group. 
t One animal died on each of the following days: 5, 13, 20, 21, 22, and 25. 

digestion or ultraviolet irradiation. On the other hand, after acid treat- 
ment significant growth inhibition was obtained in spite of the fact that 
over 95 per cent of the antitryptic activity had been destroyed. Growth 
inhibition with the acid-treated inhibitor, however, was not as marked 
as that obtained with the untreated material nor did any of the animals 
in the former group succumb. This would indicate that some destruction 
of the growth inhibitor had occurred under these conditions. 

Since acid treatment seemed to offer the most promising means of 
demonstrating growth inhibition in the absence of antitryptic activity, 
the acid-treated crude inhibitor was further fractionated in the following 
mamer: 1250 mg. of the crude inhibitor were dissolved in 25 ml. of 0.1 

s Differential heat treatment was tried but abandoned because of the insoluble 
product that forms with the heat treatment required for the complete inactivation 
of antitryptic activity. The material which remained in solution under these con- 
ditions was found to be non-toxic to rats. 



188 CONCENTRATES OF TRYPSIN INHIBITOR 

N HCl and left at 55’ for 18 hours. When the pH was then adjusted 
to 4.7 with 1.0 N NaOH, a heavy precipitate formed which was separated 
by centrifugation, washed several times with 0.1 M acetate buffer (pH 
4.7), and finally dissolved in 50 ml. of water at pH 7.2. To the super- 
natant obtained at pH 7 enough 1.0 N NaOH was added to bring the 
pH to 7.0 and water to bring the final volume to 50 ml. The superna- 

TABLE IV 

Growth and Antittyptic Activity of Crude Inhibitor Preparation Treated with Alkali 
or Acid OT Subjected to Ultraviolet Irradiation 

Inhibitor treatment Antitryptic 
activity 

Uninjected control ........... .I 
None ......................... 1.6 
Alkaline ...................... 0 
Acid ......................... 0.07 
Ultraviolet irradiation ...... 0.2 

Antitryptic 
activity Injected 

208 
0 
9 

26 

Duration of 
experiment 

__- 

days 

26 
9-26t 

26 
26 
26 

Gain in weight* 
--__- 

gm. per day 

1.54 f 0.08 
0.28 f 0.21 
1.47 f 0.28 
1.16 rt 0.11s 
1.51 * 0.17 

* Mean f standard error of the mean. Six animals per group. 
t One animal died on each of the following days: 9, 11, 15, 19, 21, and 26. 
$ Comparison with uninjected control gives a t value (27) of 2.53 (P <0.05). 

TABLE V 

Further Fractionation of Acid-Treated Crude Inhibitor Preparation with Respect to 
Growth and Antitryptic Activity 

Fraction A;Ez;;;pytiC Antitryptic Duration of 
activity injected experment 

Gain in weight. 

Uninjected control ............ 
Soluble at pH 4.7 ............. 
Insoluble at pH 4.7. .......... 

1.46 f 0.13 
1.41 f 0.14 
0.74 f 0.07t 

*Mean f standard error of the mean. Six animals per group. 
t Comparison with uninjected control gives a t value (27) of 4.27 (P <O.Ol). 

tant and dissolved precipitate were injected daily at the usual level of 
10 ml. per kilo, From the data in Table V it is evident that, within the 
limits of accuracy revealed by bioassay, the growth-inhibiting factor re- 
sided solely in the fraction which was insoluble at pH 4.7. Although the 
fraction which was soluble at pH 4.7 had practically the same antitryptic 
activity as the insoluble fraction, the former was essentially devoid of 
growth-inhibiting activity. This would indicate that the residual anti- 
tryptic activity retained by the insoluble fraction could not have accounted 
for the growth inhibition which was observed. 
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E$ect of Supplemental Methionine on Growth Inhibition-In view of the 
marked improvement which supplemental methionine exerts on the nutri- 
tive value of raw soy bean meal (15), the possibility that additional methi- 
onine might counteract the growth depression induced by the crude in- 
hibitor was considered. That the basal ration used in these experiments 
was deficient in methionine is evidenced by the improved growth per- 
formance when it was supplemented with 0.6 per cent m-methionine 
(Table VI). Supplemental methionine in the diets of those animals which 
were injected with the inhibitor, however, failed to counteract the growth- 
depressing effect of the inhibitor. This ineffectiveness of supplemental 
methionine under conditions in which an inhibition of intestinal proteol- 

TABLE VI 

Response to Supplemental Methionine in Presence or Absence of Crude Inhibitor 
Injected Daily at Level of 130 Mg. per Kilo of Body Weight 

Group Duration of 
experiment 

dors 
Basalration.......................................... 37 

“ “ + 0.6% nkmethionine. 37 
“ “ + injected inhibitor. . 22-37t 
“ “ + “ 

“ + 0.6% nL-methio- 
nine................. . . . . . . . . . . . . . . 1337$ 

* Mean ZIZ standard error of the mean. Six animals per group. 

Gain in weight’ 

gm. fiecr day 

1.96 f 9.16 
2.56 f 0.15 
1.13 f 0.09 

0.98 f 0.27 

t One animal died on each of the following days: 22, 23, and 28. 
$ One animal died on each of the following days: 13, 15, 19, 26, 28, and 37. 

ysis is not involved was also observed when the crude inhibitor had been 
fed to rats in diets containing hydrolyzed protein (1). 

DISCUSSION 

The present demonstration of growth inhibition in the virtual absence 
of antitryptic activity suggests that, in addition to factors which inhibit 
trypsin, crude concentrates derived from raw soy bean meal also contain 
a toxic principle which can be lethal or inhibit growth through some un- 
known mechanism. Although the existence of toxic substances in certain 
legumes has been known for many years (16, 17), its recognition in soy 
beans has been obscured by the concomitant presence of antitryptic fac- 
tors and a failure to isolate a growth inhibitor free of trypsin-inhibiting 
activity. 

If, from the present data, one accepts the existence of these two differ- 
ent factors in raw legumes, a reasonable explanation is afforded for ob- 
servations reported in the literature which are seemingly inconsistent. 
Thus, in order to account for the unavailability of methionine in raw soy 
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bean meal, it has been suggested that the trypsin inhibitor exerts its 
growth-depressing effect by interfering with the extent (18, 19) or rate 
(20) of enzymic release of methionine in the gastrointestinal tract. Such 
an effect would obviously depend on the antiproteolytic nature of tryp- 
sin inhibitors present in raw soy bean meal. If this were the sole mecha- 
nism involved, however, one still could not account for the fact that the 
nutritive value of raw soy bean meal remains inferior to the heat-treated 
meal when both are supplemented with adequate methionine (1). Ac- 
cording to the present concept, the toxic component of raw soy bean meal, 
whose action is not related to an interference with the availability of 
methionine, may be held responsible for this difference in nutritive value 
when methionine is no longer limiting. The observation that crude legume 
fractions possessing high trypsin-inhibiting activity in vitro inhibit the 
growth of animals receiving diets containing hydrolyzed protein (21, 22) 
could merely be an “unmasking” of the toxic principle whose action does 
not depend on an inhibition of intestinal proteolysis. 

This reasoning assumes, of course, that the factor which is toxic intra- 
peritoneally would also be toxic orally. This point could be settled by 
feeding the toxic component should its isolation be accomplished. 

In further support of the contention that a toxic factor which is distinct 
from the trypsin inhibitor may be responsible in part for the poor nutri- 
tive value of some raw legumes, it may be pointed out that a correlation 
between the improvement in nutritive value effected by heat treatment 
and antitryptic activity cannot always be demonstrated (23, 24). Bor- 
chers et al. (11) were unable to correlate the antitryptic activity of crude 
soy bean fractions with their effect on the growth of rats and chicks. It 
is also of interest to note that germinated soy bean is nutritionally superior 
to the mature bean (25, 26) in spite of the fact that there is no difference 
in antitryptic activity (26). Further investigations will be directed toward 
the isolation and characterization of the toxic factor in raw soy bean meal. 

SUMMARY 

Single doses of a crude trypsin inhibitor preparation have been found 
to produce death in rats and chicks when administered by intraperitoneal 
injection. The LDbo for rats and chicks was 200 and >2000 mg. per kilo 
respectively. Repeated doses of the crude inhibitor at a level of 130 mg. 
per kilo inhibited growth in proportion to the frequency of injection. 
Crystalline soy bean trypsin inhibitor, injected at a sufficiently high level 
to provide antitryptic activity exceeding that of the crude inhibitor, did 
not inhibit growth. 

Treatment of the crude inhibitor with acid destroyed 95 per cent of the 
antitryptic activity, but the capacity to inhibit growth was retained to an 
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appreciable extent. Further fractionation of the acid-treated inhibitor 
revealed that the growth-inhibiting factor resided in a fraction which was 
insoluble at pH 4.7. 

Methionine added to the basal ration did not alter the growth-depress- 
ing effect of the crude inhibitor. 

The possible existence in raw soy bean of a toxic principle which is not 
identical with factors that inhibit trypsin was discussed. 
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