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TABLE 1IV.
Effect of Salmonella Endotoxin and Insulin on the
Glucose Uptake of the Rat Diaphragm.

+Insulin +4Toxin <+ Toxin-
XNo.of  Normal, 1unit/ml, 0.1 mg/ml, +4insulin,
exp. mg/g mg/g mg/g mg/g

1 3.44 4.4 2.1 4.0
2 2.91 3.92 1.9 3.1
3 4.89 5.1 3.1 4.6
4 3.94 4.6 0.1 3.7
5 4.95 5.4 3.2 4.4
6 2.81 421 2.0 2.6
7 2.5 3.40 0.6 1.6
8 4.7 6.1 2.2 4.8
9 3.9 5.1 1.9 2.8

Glucose uptake is expressed in terms of mg
glucose per g of tissue utilized in 2 hours.

similarity does not mean that the mode of
action of diphtheria toxin is necessarily the
same as that of the endotoxins. It was re-
cently found that the phosphorylation of glu-
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cose was inhibited by meningococcal endo-
toxin.!* This inhibition, together with the
inhibition of the succinoxidase! might serve
as an explanation of the inhibition of glycogen
synthesis.

Summary. Intraperitoneal injection of
Salmonella endotoxin completely inhibited in
vivo glycogen synthesis from glucose in the
liver of rats. In liver slices of rabbits, there
was less glycogen formed ¢n vitro from glucose
and pyruvate in the presence of meningococcal
endotoxin. The glucose uptake of rat dia-
phragm én vitro was decreased by Salmonella
endotoxin and this inhibition of glucose
utilization could be diminished by the addition
of insulin.

11 Run, E., J. Biol. Chem., 1948, 174, 761.
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As a result of the reports of Ham and
Sandstedt! on the presence of a trypsin in-
hibitor in raw soybeans, there has been con-
siderable interest regarding the possible role
that this trypsin inhibitor plays in altering
the nutritive value of proteins. A relationship
between the well known phenomenon of in-
creased nutritive value of soybean protein
resulting from heat treatment and the destruc-
tion of trypsin inhibitor has been suggested
by several investigators. In fact, an excellent
correlation between nutritive value and tryp-
sin inhibitor content was observed in soybean
preparations heated under varying conditions
by Westfall and Hauge.? Melnick, Oser, and

1 Ham, W., and Sandstedt, R. M., J. Biol. Chem.,
1944, 154, 505.

2 Ham, W,, Sandstedt, R. M., and Mussehl, F. E.,
J. Biol. Chem., 1945, 161, 635.

3 Westfall, R. J., and Hauge, S. M., J. Nutri-
tion, 1948, 85, 379,

Weiss* observed that the relative rates of
liberation of methionine, lysine and leucine
as a result of tryptic digestion were different.
in raw soybeans and in soybeans in which the
trypsin inhibitor had been inactivated by heat.
They concluded from this study that the in-
fluence of the trypsin inhibitor on nutritive
value of the soybean protein was due to an
alteration in the time factors of availability
of essential amino acids, particularly meth-
ionine, in the intestinal tract. Desikachar and
De5 have provided some evidence that does
not support the conclusions of Melnick and
his associates. They compared the digestibil-
ity and biological value of unmodified raw
soybeans with papain-digested soybeans to
which a water extract of soybeans containing

4 Melnick, D., Oser, B. L., and Weiss, 8., Science,
1946, 108, 326.

6 Desikachar, H. 8. R., and De, 8. 8., Science,
1947, 106, 422.
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the trypsin inhibitor had been added so that
the trypsin inhibitor content of both the
digested and undigested samples was approxi-
mately the same. Both preparations showed
the same digestibility and biological value
and Desikachar and De concluded that there
must be factors separate from the proteolytic
inhibitor that affect the nutritive value of the
soybean protein. In the work of these inves-
tigators the nutritive value of the papain
digested soybean before supplementation with
trypsin inhibitor was not measured. There-
fore, the possibility remains that the addition
of trypsin inhibitor to the digested protein did
not alter the biological value of the protein.
Since this important control was not included
in this study it was considered advisable to
reinvestigate the effect that soybean trypsin
inhibitor has on enzymatically digested pro-
tein.

Methods. The hydrolyzed protein chosen
for this study was Protolysate.* This hydroly-
sate represents the pancreatic enzyme digest
of casein and other animal proteins. The ex-
tent of digestion is not complete since the free
amino nitrogen represents approximately 65%
of the total nitrogen. However, it is basically
a tryptic digest in which hydrolysis has been
carried farther by the action of naturally
occurring exopeptidases. The trypsin inhib-
itor preparation was made according to the
general directions described by Klose, Hill,
and Fevold,® and essentially is an ammonium
sulfate precipitate of an acid extract of raw
soybeans. The trypsin inhibitor activity of
this extract was determined by a modification
of the method of Charney and Tomarelli” and
the extract was added to either casein or
Protolysate in such amounts that the trypsin
inhibitor potency was approximately the same
as that of raw soybeans. As an additional
control the trypsin inhibitor extract was in-
activated by autoclaving at 15 pounds pressure
for 15 minutes and was added in the same

* Trademark of a protein hydrolysate prepara-
tion purchased from Mead, Johnson and Company.

8 Klose, A. A., Hill, B., and Fevold, H. L., Proc.
Soc. Exp. BroL. AND MED,, 1946, 62, 10.

7 Charney, J., and Tomarelli R. M., J. Biol.
Chem., 1947, 171, 501,

TABLE I. ) . .
Growth Response and Protein Efficiency Ratio (Grams Gain in Weight per Gram Protein Ingested) of Mice Receiving an Extract of Raw Soybeans

Containing Trypsin Inhibitor.

Relative

Avg protein

Avg food

% prot.

Avg final Avg wt consumed consumed Pro_teln pro'tem
wt, g gain, g /10 days /10 days efficiency  efficiency

Avg initial
wt, g

in diet
(N X 6.25)

Protein source

.....

.....

Casein + 19 inhibitor

Protolysate
Protolysate 4 inhibitor (1%) autoclaved

Protolysate + inhibitor (1%)

Casein
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amount to the Protolysate.

Diets containing casein or Protolysate as
the source of protein were fed ad libitum to
groups of 7 male albino mice. General details
of this type of feeding experiment including
diet composition have been described by Boss-
hardt et al.® Growth rate and food consump-
tion were measured for 10 days. The addition
of the active or autoclaved extract as 1% of
the diet increased the protein content of the
diets as is shown in Table 1.

Results. The results in Table I show that
addition of the trypsin inhibitor extract to
casein markedly reduced growth and the pro-
tein efficiency ratio. This confirms the ob-
servations of various investigators.>® The
addition of the active extract to the hydrolyzed
protein also resulted in a decrease in growth
rate and protein efficiency ratio. However,
the autoclaved extract was without appre-
ciable effect. It is interesting to note that the
harmful effects of the active soybean extract
were not associated with a decrease in food
consumption. This is contrary to many ob-
servations with raw soybeans,

These results confirm and extend the ob-
servations of Desikachar and De. They do
not support the conclusion of Melnick ef al.
that the activity of the trypsin inhibitor in
lowering the nutritive value of proteins is due
to an alteration in the intestinal digestion of
protein. The general conclusion can be drawn

8 Bosshardt, D. K., Ydse, L. C,, Ayres, M. M.,
and Barnes, R, H,, J. Nutrition, 1946, 81, 23,
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that an extract of raw soybeans containing
active trypsin inhibitor is deleterious to the
growth rate and protein utilization of mice
receiving as a sole source of protein in the diet
a well hydrolyzed protein. Since the harmful
effect of the extract was destroyed by auto-
claving, it can be concluded further that the
deleterious factor, whether it be trypsin in-
hibitor or some other inhibitory substance of
soybeans, is heat labile. The fact that the
soybean extract containing trypsin inhibitor
decreased the utilization of a hydrolyzed pro-
tein cannot in itself be used as evidence that
the trypsin inhibitor is not the factor respon-
sible for the poor growth response and utiliza-
tion of intact protein. There are many pos-
sibilities of indirect mechanisms whereby an
inhibitor of proteolytic activity could exert a
deleterious effect in the intestinal tract or in
the animal body aside from the inhibition of
tryptic digestion of dietary protein within the
intestinal tract.

Summary. The addition of an extract of
raw soybeans containing active trypsin in-
hibitor to an enzymatic protein digest (Proto-
lysate) caused a decrease in growth rate and
protein utilization. Autoclaving, which in-
activated the trypsin inhibitor, abolished the
harmful effects of the extract. It has been
concluded that the deleterious effects resulting
from the ingestion of an extract of raw soy-
beans are not necessarily due to an interfer-
ence with the intestinal digestion of dietary
protein,



