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I.

INTRODUCTION

The body of an animal contains the following primary constituents:
water, inorganic salts, lipids, proteins, and carbohydrates. Among these
classes of compounds, proteins may be considered the most important
because they perform a great number of physiological functions. For
example, all pituitary hormones which control the secretion of most of
the other important endocrine glands, are proteins or polypeptides.
Enzymes and antibodies are likewise proteins. During the life processes,
these protein molecules are constantly destroyed and must be replaced
by synthesis from amino acids derived from food. In order to utilize
these amino acids, it is necessary that the so-called essential ones be
available to the various tissues of the body. The works of Rose (1935),
Madden and Whipple (1940), and Frazier et ah (1947) demonstrated
that among numerous amino acids isolated from proteins, only 10 of
them are essential to animals, like dogs or rats, for the promotion of
growth, for the maintenance of nitrogen balance, and for the regeneration of plasma proteins. These amino acids are considered essential
because the animals are not able to synthesize them in the body from
the materials in the diet at a speed commensurate with the demands
for normal growth. Such a definition, as recognized by Borman et ah
117
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(1946), may not include other important physiological functions such
as reproduction, lactation, or detoxication. It follows that the requirement for an essential amino acid may vary according to the criterion
employed to measure it and to the species of animals studied. For
example, lysine is essential for the growth of young rats but according
to Mitchell (1947) this amino acid is not needed for the maintenance
of nitrogen equilibrium in normal, sexually mature rats. On the other
hand, lysine is essential for the maintenance of nitrogen equilibrium
in adult dogs (Anderson and Allison, 1947). In spite of such variations,
a prime prerequisite for the nutritional adequacy of a dietary protein
is the presence of sufficient amounts of all the essential amino acids.
The importance of availability of all the essential amino acids at
the appropriate time and at the site of synthesis has been demonstrated
in two types of experiments. In the first, Elman (1939) showed that
the intravenous injection of tryptophan to dogs previously fed an acid
hydrolyzate of casein, deficient only in this amino acid, can bring about
nitrogen retention which otherwise will not take place. However, the
supply of tryptophan must not be unduly delayed. In the second, Harte
et al. (1948) and Geiger (1948) fed animals two diets, each containing
a deficient protein, which could adequately supplement one another for
growth requirements. The animals received no benefit when the second
diet was given long after the first had been ingested. However, if the
diets were offered simultaneously, the animals could utilize such a
mixture for the synthesis of body tissues. Thus the nutritive value of
an intact protein depends not only on the presence of the essential amino
acids but also on the relative rates at which they are released by the
digestive enzymes. Therefore, it has been suggested by Melnick et ah
(1946) that the increase of biological value of soybean proteins after
heating is due to the greater ease of liberating the limiting amino acid,
methionine.
From the important contributions of these investigations it can be
concluded that the presence of all the essential amino acids in a dietary
protein is a prerequisite for adequate nutrition. On the other hand, if
adequate supply of all the essential amino acids at the proper site in
the body, and at the appropriate time is all that is required, then the
deficiency of poor proteins low in the content of certain essential amino
acids can be made up by an increase of dietary intake or by supplementation of the deficient amino acids. However, there is evidence
which indicates that this is not in accordance with experimental data.
Studies of Woolley (1947) and Womack and Rose (1946) suggest that
in addition to the essential amino acids, some unknown nutritional factor
is needed for optimal growth. The growth experiments necessary to
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substantiate such a hypothesis are complicated by the synthesis of yet
unidentified vitamins by the bacterial organisms in the intestinal flora.
In this communication, data will be presented to demonstrate that
the synthesis of tissue proteins depends not only on the presence of the
essential amino acids in adequate amounts, but also on the presence of
certain accessory factors in the diet.
II.

THE EFFECT OF DIETARY PROTEINS O N THE SYNTHESIS
OF PLASMA PROTEINS
A.

DEPLETION OF PLASMA PROTEINS

Chow et al. (1945) studied the effects of protein depletion on the
plasma proteins of dogs. Protein depletion was achieved by offering a
group of well-fed, normal dogs a protein-free diet containing sufficient
calories and vitamins to meet the daily requirements. Data shown in
Table I (Group B) demonstrate that following 6 to 8 weeks of feeding
this diet, the plasma protein concentration of the animals dropped from
6.8 to 5.0 gm. per 100 ml. Since the plasma volume likewise decreased
about 20%, the decrement in total circulating plasma proteins was
greater than would be calculated on the basis of changes solely in plasma
protein concentration. Electrophoretic analysis of plasma of dogs made
before and after depletion demonstrated that the total circulating albumin suffered a marked loss as compared to the total circulating globulins.
It is interesting to note that although the total circulating globulins
decreased during protein-free feeding, the total circulating a-globulins
tended to increase. The maintenance of the total circulating a-globulins
in the depleted state, even though the other plasma proteins components
have been reduced, is of interest although its physiological role is still
obscure. Also included in Table I are the results of the electrophoretic
analysis of the plasma of dogs protein-depleted by two other methods.
The first method was to restrict the caloric intake by offering the animals
a nutritionally adequate diet at the level of 30 rather than 80 calories
per kilogram body weight per day (Group C ) . In the second method
protein depletion was achieved by daily plasmapheresis while the animals were fed a protein-free diet (Group A). It may be seen that the
qualitative and quantitative changes in the various plasma proteins are
essentially the same although the time necessary to bring about this
result varied according to the method of depletion. Under such experimental conditions the decrease in total circulating albumin reached a
plateau of approximately 30% of the original values and the albumin/
globulin ratio decreased to 0.27.
Before discussing the possible effects of dietary proteins on the rate

TABLE I
COMPOSITION OF PLASMA PROTEIN O F DOGS BEFORE AND A F T E R P R O T E I N - D E P L E T I O

Total circula
Method Number
of
of
depletion« dogs
A
B

c
a

15
15
15
15
5
5

Treatment
Control
Depleted
Control
Depleted
Control
Depleted

Time of
treatment
(days)
10
42-56
14-21

Plasma
volume
(ml.)
473
427
603
510
500
425

Plasma
protein
(gm.%)
6.21
4.48
6.78
5.04
6.37
4.52

Total
proteins
(gm.)
29.4
19.2
40.6
25.6
31.9
19.2

Albumin
(gm.)
12.4
4.0
16.0
5.3
12.7
3.8

A = Plasmapheresis and protein-free feeding, B = Protein-free feeding, and C = Feed
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of repletion, it is appropriate to consider the importance of the degree
of depletion of protein reserves and of the mode of administration of
the dietary proteins. The albumin/globulin ratio of 0.27 which was
observed in the protein-depleted dogs could be further lowered only by
prolonged protein deprivation. It is interesting to note that only at this
time was a decrease in the total circulating α-globulins observed.
Feeding casein or lactalbumin or the hydrolyzates of either protein at
this stage failed to bring the animals into nitrogen equilibrium regardless of the quantity of intake (within 0.30 to 1.0 gm. nitrogen per kilogram body weight per day) unless 15 units of liver extract were given
simultaneously for at least 5 days. The results of a typical experiment
in which animals were fed a casein diet are shown in Table II. These
TABLE II
T H E E F F E C T OF INTRAMUSCULAR INJECTION OF LIVER EXTRACT ON T H E

NITROGEN

R E T E N T I O N BY DOGS SEVERELY D E P L E T E D OF PROTEIN RESERVES 0

Group
A
B
C

No. of
dogs
3
3
3

Weeks
Albumin/
on
protein- globulin
free diet
ratio
18
0.12
20
0.14
18
0.14

Days
of
feeding
10
10
10

Nitrogen0
intake
300
1000
300

Nitrogen0
output
380
1100
160

Nitrogen0
balance
— 80
—100
+ 140

a
All animals were given 60 cal. per kilogram body weight per day. One milliliter of 15 units of liver extract was given daily for first 5 days to animals in Group C.
0
These figures are averages expressed as milligrams per kilogram body weight

per day.

data demonstrate that increasing the nitrogen intake from 300 to 1,000
mg. per kilogram body weight per day failed to bring about nitrogen
retention. Only the administration of liver extract would return these
severely protein-depleted animals to an anabolic state. Alper et ah
(1950) studied the utilization of an enzymatic digest of casein by dogs
depleted of protein either by prolonged protein-free feeding alone or
in conjunction with plasmapheresis. During the first part of the experiment, the pyrogen-free hydrolyzate containing 40% of its total nitrogen
as amino nitrogen was administered parenterally for a prolonged period
(4 weeks) at a level of high caloric intake (supplied orally in the form
of protein-free diet at 70-90 calories per kilogram body weight per day)
to insure a surplus amount of nutrients. Subsequently, the same animals
received the same hydrolyzate (dried by lyophilization) orally for an
additional period. Nitrogen retention and plasma protein regeneration
were determined during both phases of the experiment.
These results (Table III) demonstrate two interesting points: (1)
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Dogs fed a protein-free diet (Group 1) were in more positive nitrogen
balance than those depleted by plasmapheresis (Group 2), when the
hydrolyzate was given intravenously. During this period, both groups
regenerated plasma proteins. (2) All dogs retained more nitrogen when
the casein diet was fed per os.
TARLE III
T H E E F F E C T OF ROUTE OF ADMINISTRATION OF CASEIN HYDROLYZATE ON NITROGEN
BALANCE AND PLASMA PROTEIN REGENERATION O F DOGS

Period I
(4 weeks of i.v. feeding)
Group No. of
no. a
dogs
1
2

6
4

Period II
( 4 weeks of oral feeding)

Nitrogen
balance 6

Gain in
plasma
protein 0

Nitrogen
balance 0

+ 0 . 0 7 1 ± 0.023
+ 0 . 0 2 3 ± 0.018

6.6 gm.
1.8 gm.

+ 0 . 1 6 5 ± 0.027
+ 0 . 1 4 5 ± 0.015

Gain in
plasma
protein 0
6.3 gm.

3.5 gm.

a

Group 1 = dogs depleted of proteins by protein-free feeding for 6-8 weeks.
Group 2 = dogs depleted of proteins by restricted plasmapheresis.
0
Average nitrogen balance expressed as grams of nitrogen per kilogram body
weight per day with standard error.
c
Gain in total circulating plasma proteins in grams. The gain during the second
period represents the additional increase of total circulating plasma proteins following
the oral administration.

The authors concluded:
(1) In hypoproteinemia effected by restricted plasmapheresis, the
"reserve protein stores" of the experimental animals were not permanently depleted although plasma protein concentration and volume were
markedly reduced. On the other hand, the "reserve protein stores" of
the animals fed a protein-free diet over a long period were reduced first
and then the plasma proteins depleted. Thus, animals depleted by the
latter method, might be expected to show a different utilization of the
parenterally administered nitrogen.
(2) The higher retention of orally administered nitrogen following
partial repletion by parenterally administered nitrogen indicates the
importance of the pattern of amino acids and peptides available to the
animal for the synthesis of its body tissues.
However, it should be pointed out that renal loss of amino acids and
polypeptides may explain the lower retention of parenterally administered nitrogen in these dogs.
B.

REPLETION WITH DIFFERENT DIETARY PROTEINS

The studies of Madden et al. (1938); Melnick et al. (1936); Melnick
and Cowgill (1937); Weech and Goettsch (1938, 1939); Weech (1942),
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and Cox and Mueller (1944) suggested that various food proteins differ
qualitatively in their ability to promote synthesis of plasma proteins.
For example, by means of the plasmapheresis technique, Madden et al.
(1938) demonstrated that some dietary proteins may favor the production of plasma albumin and others may favor the production of plasma
globulins. The limitations of these studies were the inherent inadequacy
of the chemical methods for the determination of albumin and globulins
and the lack of information of plasma volumes in some reports. With the
advance of the electrophoretic analyses for the determination of plasma
protein components, and with the improvement in the accuracy and
reliability in the determination of plasma volume, Chow et al. (1949a)
re-examined the question of whether various common dietary proteins
(such as egg white, whole egg, lactalbumin, casein, and wheat gluten)
of different nutritive values, as measured by growth or nitrogen balance
tests, differ in their ability to regenerate plasma proteins. The proteindepleted dog is a very valuable experimental asset because of its availability and the reproducibility of results thus obtained. To this end,
Chow et al. (1949a) fed to several groups of protein-depleted animals
diets containing 1 of the 5 test proteins so that each animal received
0.35 gm. of nitrogen and 80 calories per kilogram body weight per day
for a period of at least 4 weeks. The exception was that 0.6 gm. of wheat
gluten nitrogen was given instead of 0.35 gm. because of its low biological value. Determinations of total circulating proteins as well as albumin and globulins were made before feeding and again 2 and 4 weeks
after feeding. The results of this experiment are shown in Table IV.
1. Repletion of Total Circulating Flasma Proteins
These data demonstrate that supplementation of the protein-free diet
with any one of the 5 proteins or 2 hydrolyzates stimulated an increase
in the total circulating plasma proteins. The difference in the per cent
increases was not very marked among the test substances even though
the nutritive values, as measured in terms of growth efficiency, differed
by several fold. Furthermore, there appeared to be a lack of correlation
between nitrogen balance index and plasma protein regeneration properties. For example, lactalbumin with a nitrogen balance index of unity
did not stimulate as effectively the synthesis of plasma proteins as did
casein or whole egg proteins with indexes of 0.80 and 0.95, respectively.
Similarly, egg white which has the highest biological value among the
5 proteins was inferior in bringing about regeneration of plasma proteins
following 2 weeks of repletion. A comparison of the whole proteins and
their respective hydrolyzates showed that the plasma protein regeneration properties of casein were not improved by tryptic digestion, while

Egg white
Lactalbumin
Whole egg
Casein
Wheat gluten
Lactalbumin
hydrolyzate
Casein
hydrolyzate

Protein
fed

141 ±

138 ±

6

5

7

8

± 5
± 10
± 7
± 9
± 4

117
115
148
138
135
6
3

150 ±

± 17
± 10
± 7
± 5
± 4

145 ±

132
128
154
141
135

after feeding for
4 wk.
2 wk.

10
5
5
4
5

No. ,
dogs
used

Total circulating
protein 0

223 ±

4

5

± 8
±21
± 21
± 17
± 6

230 ±

117
185
206
177
162

±
±
±
±
±

238 ±

362 ±

133
252
289
216
168

8

8

12
23
22
19
7

after feeding for
4 wk.
2 wk.

Total circulating
albumin 0

6

5
9
6
8
5

119 ± 11

115 ±

±
±
±
±
±

124 ± 1 0

7

± 16
± 9
± 7
± 4
± 5
98 ±

126
100
129
124
129

0.41

0.44

0.21
0.22

0.27
0.42
0.28
0.33
0.21

0.28
0.22
0.19
0.25
0.17

0.51

0.85

0.26
0.58
0.43
0.39
0.22

after feeding for
0 wk. 2 wk. 4 wk.

after feeding for
2 wk.
4 wk.
118
100
138
130
130

A/G

Total circulating
globulins 0

All the proteins were given at a level of 0.35 gm. N per kilogram body weight per day except wheat gluten, which was given at
a 0.6 gm. level.
&
The total circulating proteins before feeding are taken as 100%. The figures after the ± signs are standard errors.

0

TABLE IV

E F F E C T S OF ORAL FEEDING OF VARIOUS PROTEINS ON T O T A L A L B U M I N AND GLOBULINS OF DOGS D E P L E T E D IN PROTEINS«

o

w

Ω

w
►
n
o
2

Ö

>

C/3

o

>

a

5

=
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the tryptic digest of lactalbumin was definitely superior to the whole
protein. This might be explained by the fact that casein is rapidly
hydrolyzed by the proteolytic enzymes normally present in the digestive
tracts of the animals, whereas lactalbumin is not.
2. Repletion of Total Circulating

Albumin

The 5 test proteins varied in their ability to stimulate the production
of albumin. For example, the total circulating albumin of dogs fed either
egg white, or whole egg during the first 2 weeks of the repletion period
was increased 117% and 206%, respectively. The regeneration rates
of albumin by the hydrolyzates were significantly greater than those of
the corresponding proteins (185% against 230% for lactalbumin and its
hydrolyzate, 177% against 223% for casein and its hydrolyzates, respectively).
3. Repletion of Total Circulating

Globulins

A careful examination of data on the globulin regeneration shows
that while 4 of the proteins administered stimulated the production of
globulins in varying degrees, dogs fed lactalbumin or its hydrolyzate
failed to gain in globulins. This difference contributes to the high albumin/globulin ratio seen in the animals fed lactalbumin or its hydrolyzate
during the period of repletion. However, the data indicate that the high
albumin/globulin ratio is also a reflection of a greater rate of regeneration of the total circulating albumin in these animals.
These differences which may be attributed to the ingestion of casein
hydrolyzate and lactalbumin hydrolyzate during repletion are shown
clearly in Table V. Repletion with casein hydrolyzate or lactalbumin
hydrolyzate resulted in a return of the total circulating albumin to
essentially the control values. However, it may be noted that the plasma
albumin of the animals fed casein hydrolyzate was slightly lower than
the initial levels, although slightly higher values were observed in the
dogs fed lactalbumin hydrolyzate. There was little change in the total
circulating α-globulins during depletion or repletion. The most significant difference attributed to feeding these diets was the increase above
the initial values in the "other globulins" observed in the dogs repleted
with casein hydrolyzate. It may be seen that this difference was reflected
in the albumin/globulin ratios.
The first attempt to explain these observations was based on the
possible difference in the amino acid patterns of the casein and lactalbumin hydrolyzates and perhaps a similarity of amino acid contents of
these protein preparations and dog plasma proteins. Therefore, analyses
for the essential amino acids of the 2 hydrolyzates as well as of the

126

CHARLES H. BARROWS, JR. AND BACON F. CHOW

electrophoretically homogeneous albumin and of the total globulins of
dog plasma were performed. These results (Boiling et ah, 1947) demonstrated that the 2 hydrolyzates differed most significantly in their
ratios of cystine to methionine. Since less than 5% of the nitrogen
TABLE V
T H E AVERAGE T O T A L CIRCULATING A L B U M I N , α-,
ALBUMIN/GLOBULIN

RATIOS

IN

THE

CONTROL,

β-,

AND Y-GLOBULINS AND

DEPLETED,

AND

REPLETED

CONDITION ON 5 DOGS R E P L E T E D WITH A CASEIN HYDROLYZATE AND 6

DOGS

R E P L E T E D WITH A LACTALBUMIN HYDROLYZATE 0

Condition

Circulating
albumin,
gm./m.2

Control
Depleted
Repleted

25.7
7.6
23.4

Control
Depleted
Repleted

28.4
6.9
29.5

Circulating globulin
Alpha,
gm./m.2

Gamma,
gm./m.2

Other,
gm./m.2

A/G

19.6
20.2
28.7

0.75
0.22
0.51

21.5
21.4
22.3

0.80
0.21
0.85

Casein hydrolyzate
9.7
10.1
10.9

4.8
3.9
6.0

Lactalbumin hydrolyzate
8.1
8.0
7.3

6.0
3.8
5.3

a

Each dog received 0.35 gm. of hydrolyzate nitrogen per kilogram of body
weight per day for 30 days. The average total circulating albumin and globulins
are expressed as gm./m. 2 of body surface.

retained was utilized for the synthesis of plasma proteins (Table VI),
it is unlikely that the inability of dogs fed lactalbumin hydrolyzate to
induce the production of globulins was due to any limiting amino acids
fed. Furthermore, the analyses of albumin and globulins did not reveal
any specific requirements of certain amino acids which the hydrolyzates
had to supply for the synthesis of the 2 fractions of plasma proteins.
The inferiority of casein as compared to lactalbumin in promoting
the growth of young rats (Supplee and Clark, 1946), or in supporting
nitrogen balance in dogs (Allison, 1946), can be compensated for by
feeding animals a higher level of casein. It was, therefore, of interest
to ascertain whether the differences in the production of specific protein
components in plasma by these 2 milk proteins is similarly dependent
on the amount of absorbed nitrogen. Studies were undertaken which
involved feeding a group of protein-depleted dogs casein hydrolyzate
at a nitrogen level sufficient to stimulate a rapid and pronounced regeneration of plasma proteins. For comparison, three other groups of
protein-depleted animals were fed three different levels of a tryptic
digest of lactalbumin, so that the retained nitrogen was either greater,

0.35
0.25
0.15
0.35
0.35
0.35

3
3

Level of
intake^

5
4
4
5

No.
dogs
used

+0.165

+0.175

+0.186
+0.118
+0.072
+0.117

Nitrogen
balance0

116 ±

113 ± 10.6

4.5
5.0

0.70
0.70

4.8

100 ±
106 ±
97 ±
114 ±

8.6
5.2
9.6
5.7

9.3
6.5
7.0
3.0

136 ± 9 . 1

118 ± 1.0

100 ±
105 ±
105 ±
120 ±

Total circulating
globulins«
3 wk.
6 wk.

4.6
3.0
2.7
4.5

Plasma
protein
nitrogen** %

0.80
0.80
1.00
0.50

Retained
"biological
value"
(X 100)o

Level of intake is expressed as grams nitrogen per kilogram body weight per day.
&
Nitrogen balance is the dijBFerence between nitrogen intake and nitrogen excretion, expressed in grams nitrogen per
kilogram body weight per day.
c
"Biological value" is calculated according to the equation of Allison ( 1 9 4 6 ) : NB = (BV) ( A N ) — ( E N ) . (See
text.)
d
Per cent of the total absorbed nitrogen used for the synthesis of total plasma protein.
e
Calculated as per cent of the amount determined prior to protein feeding, with standard error.

a

Lactalbumin hydrolyzate
Lactalbumin hydrolyzate
Lactalbumin hydrolyzate
Casein hydrolyzate
Casein hydrolyzate +
1% methionine
Casein hydrolyzate +
2% methionine

Protein
supplement

TABLE VI

THE LEVELS OF ABSORBED NITROGEN AND THE PLASMA PROTEIN REGENERATION

2

o

30

s

Ö

1

g

*<

is

a
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approximately equal to, or less than that retained by dogs receiving the
casein hydrolyzate. In addition, two other groups of dogs were fed the
same level of casein hydrolyzate as the first group, but were given
1 or 2% methionine as supplement in order to increase the nitrogen
retention to approximately that of the animals receiving the highest level
of lactalbumin hydrolyzate. The regeneration of various plasma protein
components and the nitrogen retention were measured throughout the
feeding period.
All six diets were adequate in bringing about nitrogen retention in
the protein-depleted dog (Table VI). At the level of nitrogen intake
0.35 gm. per kilogram body weight per day at least 80% of the lactalbumin hydrolyzate nitrogen was retained as compared to 50% of the
casein hydrolyzate nitrogen. The addition of 1 or 2% methionine to
the casein diet increased the retention to only 70%. Furthermore, dogs
fed any one of the three levels of lactalbumin hydrolyzate regenerated
no globulins, whereas those fed casein hydrolyzate produced globulins
irrespective of supplementation of methionine.
The data presented above led to the belief that the differences in
the plasma protein regeneration properties of casein and lactalbumin
were neither due to the amino acid composition nor to the amount of
amino acids retained by the animals. Therefore, some nutritional factors
other than amino acids may play a role in directing the synthesis of
plasma proteins. To investigate this possibility, a casein hydrolyzate
was fractionated with alcohol, and the addition of 1% of the fraction,
soluble in 60% but insoluble in 80% alcohol, to a lactalbumin hydrolyzate improved the globulin regeneration properties (see Table VII).
It is unlikely that supplementation to the extent of 1% was enough to
sufficiently alter the amino acid pattern of the lactalbumin hydrolyzate.
TABLE VII
T H E E F F E C T OF ADDITION OF A FRACTION OF CASEIN HYDROLYZATE TO LACTALBUMIN
HYDROLYZATE ON PLASMA PROTEIN REGENERATION

Level of feeding
Lactalbumin hydrolyzate, 0.35 gm. N / k g .
Lactalbumin hydrolyzate + 1% CHA C ,
0,35 gm. N / k g .
Casein hydrolyzate, 0.35 gm. N / k g .

No. of
dogs

TCA«

TCG&

5

196 ± 11

100 ± 4

5
5

206 ± 8
210 ± 12

120 ± 6
127 ± 8

a
TCA = total circulating albumin in % of the amount determined prior to
protein feeding, with standard error, after 4 weeks of feeding.
&
TCG = total circulating globulins in % of the amount determined prior to
protein feeding, with standard error, after 4 weeks of feeding.
c
CHA = the fraction of casein hydrolyzate soluble in 60% alcohol but insoluble
in 80% alcohol.

TABLE VIII

LLD
L. caseii

traces
none

Shorb
Sprince and Woolley

—

Micro-Kjeldahl
Ninhydrin reaction

14.6
68

Total N as % of dry weight
Amino nitrogen as % of total nitrogen
Microbiological assays
(a) for LLD
(b) for strepogenin

Dillon

Author

Method

ALCOHOL

Results

ALCOHOL

Analyses

BUT INSOLUBLE I N 80%

S O M E C H E M I C A L AND BIOLOGICAL CHARACTERISTICS O F THE CASEIN HYDROLYZATE FRACTION, SOLUBLE IN 60%

2

CO

I

>
o
2

V3

3
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These data, therefore, indicate the existence of a fraction of casein
hydrolyzate which, when added to lactalbumin hydrolyzate in a small
quantity, was effective in globulin regeneration.
Some of the chemical and biological characteristics of this fraction
were also determined (see Table VIII). Chemical analyses show that
it contained 14.6% total nitrogen by weight. Sixty-eight per cent of the
total nitrogen was amino nitrogen according to the ninhydrin method.
Microbiological assay for Wolley's strepogenin factor using L. caseii
gave negative results. This is interesting since the original casein hydrolyzate contained 5 units per gram and the lactalbumin hydrolyzate contained about 1 unit per gram. Microbiological assay for crystalline
vitamin B^-like activity using LactobacUlus lactis Dorner likewise
showed the presence of only a minute amount of this factor (less than
1.0 μg. per gram of this fraction). Nevertheless, supplementation of a
soybean diet with this fraction to the extent of 1 part per 100,000 stimulated the growth rate (Table IX) of weanling rats raised by mothers
TABLE IX
T H E E F F E C T OF THE FRACTION OBTAINABLE F R O M CASEIN HYDROLYZATE ON THE
G R O W T H R A T E O F YOUNG RATS

Diet«

Supplement

Amount
added
mg./100
gm. ration

Soybean
Soybean
Soybean

Casein factor
Casein factor
Casein factor
^Casein factor
I Crystalline B 1 2

0.5
1.0
2.0
2.0
1.0 ( μ β . )

Soybean
a

Increase in body weight
over control
(in grams)
1 wk.

2 wk.

3 wk.

5
8
8
14

12
14
15
23

18
22
21
38

Soybean diet: 60% soybean meal, 30% sucrose, 4 % salt mixture, 6% Mazola

fed a soybean diet. The addition of crystalline vitamin B i 2 at a level
to produce a maximum response accentuated the growth rate even
further. This fact may be considered additional evidence that this factor
is distinct from vitamin Βχ2.
III. THE EFFECT OF DIETARY PROTEINS ON THE CONCENTRATION
OF PLASMA CHOLINESTERASE OF RATS
A.

GROWING ANIMALS

Since all enzymes thus far isolated are proteins, it seems reasonable
to expect that the synthesis of enzymes, such as plasma cholinesterase,
could be effected by the ingestion of dietary proteins. To test this
hypothesis, weanling rats were fed diets containing various dietary pro-
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tein preparations for several months (Barrows, 1958). In general, the
diets contained 20% protein (Kjedahl nitrogen χ 6.25), 12% Mazola
oil, 4% salts IV, sucrose to make up 100%, and adequate amounts of
the known vitamins. In experiments in which the protein contents of
the diets were increased, sucrose was withdrawn in amounts equal to
the weight of the added protein preparation. The animals were fed the
various test diets and offered water ad libitum. All animals were
weighed weekly for the first 2 months of the experimental period and
bimonthly thereafter. Following the feeding period (150 days) all
animals were bled by cardiac puncture under light ether anesthesia. The
cholinesterase activity in 0.3 ml. of plasma was determined by the
method of Ammon (1930) as modified by Mazur and Bodansky (1946).
In order to make the cholinesterase activity of samples determined on
different days comparable, all determinations were referred to a pooled
normal horse serum, kept frozen in aliquots and used as the standard
for each assay. The results of such a study are presented in Table X.
TABLE X
T H E EFFECT OF DIETARY PROTEINS ON THE PLASMA CHOLINESTERASE OF RATS

, .
tein

Plasma cholinesterase (RP units/0.3 ml.)
:
:
_

preparations*

Females

Males

Wheat gluten
Wheat gluten +
supplement0
Soybean meal
Casein
Stock diet
Egg albumin0
Whole desiccated liver
Lactalbumin
Beef muscle

0.60 ± .04

0.56 ± .04

1.30
1.18
1.31
1.36
1.40
1.42
1.59
1.88

± .10
±.11
± .07
± .13
± .10
± .15
± .11
± .07

—
—

0.70 ± .04

—
—
—

0.67 ± .05
0.62 ± .03

* All diets contained 20% protein (Kjeldahl N X 6.25).
&
Supplement contained 17.6 gm. Z-lysine H C 1 H 2 0 and 3.5 gm. Z-methionine
per kilogram diet.
c
Supplemented with 1 mg. biotin.

There were no marked differences in the plasma cholinesterase activity
of male rats although the growth rates of the animals differed strikingly.
On the other hand, the ingestion of various dietary proteins resulted in
marked differences in the cholinesterase levels in the plasma of female
rats. In general, these levels were related to the quality of the protein
fed. For example, weanling female rats fed a poor protein, viz., wheat
gluten, had both inferior growth rates and plasma cholinesterase activity.
The addition of lysine and methionine to the diet improved the growth
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rate and at the same time elevated the level of the enzyme. Furthermore, the plasma cholinesterase activities of female rats fed diets containing proteins which support adequate growth do not differ significantly from those fed the diet containing casein. The outstanding
exception to this is the high level of cholinesterase activity in the plasma
of female rats fed the beef muscle diet. Thus, even though the ages,
body weights, and growth rates were indistinguishable, the plasma
cholinesterase activity was higher in the female animals fed the beef
muscle as compared with that of those fed the casein diet. It is interesting that in spite of an observed impairment of growth the enzyme
activity of the female rats fed the whole desiccated liver diet was essentially equal to that of animals fed the casein diet. The higher plasma
cholinesterase activity of the animals fed the beef muscle as compared
to casein diet cannot be explained on the basis of hemoeoncentration,
since the concentration of plasma proteins of the two groups was
6.05 ± 0.16 gm. per 100 ml. and 5.80 ± 0.20 gm. per 100 ml. respectively.
Furthermore, the cholinesterase activities of mixtures of plasma of rats
fed the casein and beef muscle diets were determined. The experimentally determined enzymatic activities were equal within experimental
error to the sum of the activities of each plasma sample. Thus, no evidence is available to indicate that the observed differences in the plasma
cholinesterase may be attributed to differences in the concentration of
activators or inhibitors. Finally, since the differences attributed to diet
were equally as great when the enzyme activity was determined by a
colorimetric rather than the manometric method, these results are not
due to inherent errors in the methods of analysis. Therefore, it seems
likely that the increased plasma cholinesterase activity observed in
female rats fed the beef muscle diet represents an increased amount
of the enzyme per se.
The lack of a demonstrable difference in the enzymatic activity of
male rats may be explained on the basis of the existence of two forms
of cholinesterase; namely, true cholinesterase and pseudocholinesterase.
The relative amounts of these enzymes have been found to be dependent
upon sex and the greater amount of plasma cholinesterase activity in
the mature females as compared to mature males has been attributed
to the higher level of pseudocholinesterase (Everett and Sawyer, 1947).
The method used in this study determines primarily pseudocholinesterase, although true cholinesterase is not completely inhibited. Therefore, the lack of a sex difference in the plasma Cholinesterase of animals
fed wheat gluten (Table X) indicates an unusually low level of pseudocholinesterase in these female rats. In addition the effect of the ingestion
of various dietary protein preparations on plasma cholinesterase was
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not evident in male animals. Taken as a whole, these results suggest
that the amount of plasma pseudocholinesterase rather than true cholinesterase is increased by ingestion of certain dietary protein preparations.
The preceding experiment indicated that some unknown nutritive
factors may be present in beef muscle and perhaps whole desiccated
liver, but absent in the other protein preparations tested. If this were
true, then the addition of beef muscle, or whole desiccated Hver to a
diet containing adequate amounts of the essential amino acids, but
devoid of these nutrients should result in an increased level of plasma
cholinesterase. On the other hand, the supplementation of such a diet
with egg albumin or casein should be ineffective. In order to test this
hypothesis, the 20% casein diet used previously served as the basal diet
to which beef muscle, whole desiccated hver, egg albumin, or additional
casein was added. The results of this experiment (Table XI) demonTABLE XI
T H E EFFECT OF SUPPLEMENTING A CASEIN D I E T WITH DIETARY PROTEINS ON THE
PLASMA CHOLINESTERASE OF F E M A L E RATS

Diets
24% Casein
38% Casein
24% Casein +
15% egg albumin0
24% Casein +
3% beef muscle
24% Casein -f13% beef muscle
24% Casein +
4% whole desiccated liver
17% Whole desiccated
liver -f- 24% casein
21% Beef muscle
a
&
c

%

Protein0

Gain in
weight
(gm.)&

Plasma
cholinesterase
(RP units/0.3 ml.)

20
32

189 ± 8.6
181 ± 6.1

1.32 ± .10
1.17 ± .09

32

186 ± 6.2

1.27 ± .05

23

180 ± 6.0

1.31 ± .09

32

188 ± 7.0

1.58 ± .07

23

194 ± 6.9

1.60 ± .09

32
20

208 ± 4.0
174 ± 6.3

1.95 ± .14
1.74 ± .09

'

Protein content based on Kjeldahl N X 6.25.
After 150 days of feeding.
Supplemented with 1 mg. of biotin.

strate that the gain in body weight of the animals fed the various diets
for 150 days was essentially the same regardless of the protein supplement or the per cent of protein in the diet. However, marked differences
in the cholinesterase concentration in different groups were observed.
For example, supplementation of the basal casein diet with beef muscle
or whole desiccated liver elevated the level of the enzymatic activity.
Although feeding a diet supplemented with 4% whole desiccated liver
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resulted in a significantly increased plasma cholinesterase activity, 13%
beef muscle was needed to bring about an equivalent increment. Therefore, whole desiccated liver is believed to be richer than beef muscle
in the nutrients responsible for this effect. The increase in the enzymatic
activity is not due to the protein content of the diet since increasing the
casein to 38% did not elevate the plasma cholinesterase level. Furthermore, it seems unlikely that this increment in enzyme level results from
changing the pattern of amino acids in the diet by the supplementation
of another protein since the addition of egg albumin to the basal casein
diet was ineffective.
The testing procedure thus far employed is adequate to show the
difference in plasma cholinesterase levels of rats fed various protein
preparations, but requires a long period of feeding and, therefore, a
large amount of the test material. Attempts were made to shorten the
time necessary to demonstrate this phenomenon. It was found that
feeding 65-day-old female rats the various test protein preparations for
a period of 30 or 60 days resulted in marked differences in plasma cholinesterase. The results of a typical experiment are shown in Table XII.
Feeding a 2 1 % beef muscle diet to 65-day-old female rats for 30 or
60 days resulted in significantly higher levels of the enzyme than feeding
a diet conctaining 24% or 38% casein. However, increasing the beef
muscle of the diet to the 34% level did not further elevate the plasma
cholinesterase.
Fractions obtained from whole desiccated liver were assayed with
this experimental procedure for their ability to increase the level of
plasma cholinesterase. The rats were fed the basal casein diet (24%)
to which various liver fractions were added. After 60 days of feeding
the plasma cholinesterase was determined. In order that observed differences in feeding the various liver fractions could not be attributed to
the differences in the protein or vitamin contents of the diets, an experiment was carried out in which one group of animals was fed a 24%
casein plus 17% whole desiccated liver diet and the other group fed a
38% casein diet containing an amount of water-soluble vitamins equal
to that of the former diet. These data (Table XIII) showed that the
plasma cholinesterase level of female rats fed the casein diet supplemented with additional vitamins, failed to equal that of animals fed
a diet containing whole desiccated liver. Therefore, it seems unlikely
that the nutrients present in whole desiccated liver responsible for this
phenomenon are identical to any of the known water-soluble vitamins.
In the second experiment, 2 fractions obtained from whole liver, namely
liver concentrate and liver residue, were assayed for their ability to
increase the level of this enzyme. Liver residue and liver concentrate

c

b

a

24%
38%
21%
34%

20
32
20
32

% Proteins 0
54
45
60
51

±
±
±
±

7.1
2.5
6.7
6.2

1.22
1.01
1.49
1.52

±
±
±
±

.10
.10
.08
.10

Plasma
cholinesterase
(RP units/0.3 ml.)

All diets contained 300 μg. of vitamin B 1 2 per kilogram.
Protein content based on Kjeldahl N X 6.25.
Six animals per group with initial body weights of 149 ± 3 . 1 .

Casein
Casein
Beef muscle
Beef muscle

Diets«

Gain in
body
weight
(gm.)c

30 Days of feeding

RATS

69
63
77
76

±
±
±
±

7.0
3.8
7.9
4.2

Gain in
body
weight
(gm.)c

1.29
1.32
1.70
1.72

±
±
±
±

.10
.13
.14
.05

Plasma
cholinesterase
(RP units/0.3 ml.)

60 Days of feeding

T H E E F F E C T O F T H E INGESTION O F C A S E I N OR B E E F M U S C L E O N T H E P L A S M A C H O L I N E S T E R A S E O F 6 5 - D A Y - O L D F E M A L E

T A B L E XII

2

1—1

1

3

2
>

3w

3
3
o

G
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are the materials which are insoluble and soluble, respectively, in hot
water after extraction of whole liver. Each 17 gm. of whole desiccated
liver contains 14 gm. of liver residue and 3 gm. of liver concentrate.
TABLE XIII
T H E E F F E C T O F T H E INGESTION O F W H O L E

DESICCATED

LIVER

ON T H E

PLASMA

CHOLINESTERASE O F F E M A L E R A T S 0

Diets
38% Casein^
24% Casein + 17%
whole desiccated liver

32

188 ± 4.5

Gain in
body weight
(gm.)
59 ± 2.0

32

186 ± 8.8

59 ± 2.0

Initial
body weight
% Protein**
(gm.)

Plasma
cholinesterase
(RP units/
0.3 ml.)
1.22 ± .06
1.83 ± . 1 1

a

Six animals per group.
Protein content based on Kjeldahl N X 6.25.
c
Additional vitamins added per kilogram of diet: 17.0 mg. riboflavin, 68.0 mg.
niacin, 2.6 mg. pyridoxine HCl, 34.0 mg. calcium pantothenate, 2560 mg. choline
chloride, 3.4 mg. folic acid, 60 mg. inositol, 2.3 mg. thiamine, 120 μ ^ vitamin B 1 2 .
0

TABLE XIV
T H E E F F E C T OF THE INGESTION O F LIVER FRACTIONS ON THE P L A S M A CHOLINESTERASE
O F F E M A L E RATS

Diets
24%
24%
24%
24%
a
ö
c

Casein
Casein + 17% W D L "
Casein + 3 % LC&
Casein + 14% LR*

No. of
rats
6
6
7
7

Initial
body weight
(gm.)
174
181
175
176

±
±
±
±

5.9
5.4
7.3
4.7

Gain in
body weight
(gm.)
54
49
47
56

±
±
±
±

4.7
4.7
7.1
4.8

Plasma
cholinesterase
(RP units/
0.3 ml.)
1.38
1.77
1.77
1.50

±
±
±
±

.12
.08
.10
.06

W D L = whole desiccated liver.
LC = liver concentrate.
LR = liver residue.

The results found in Table XIV indicated that feeding a 24% casein diet
supplemented with 3 % liver concentrate, but not 14% liver residue,
increased the level of plasma cholinesterase to that of animals fed the
diets supplemented with 17% whole desiccated liver.
The nature of the nutrients responsible for this phenomenon is, as
yet, unknown. However, since the beef muscle was extracted with
benzol and contained little fat by analysis, the active material is probably not a fat-soluble component of the diet. In addition, the available
data fail to indicate that any of the known water-soluble vitamins are
responsible for this phenomenon. Although amounts of the inorganic
salts known to be required for adequate nutrition were included in all
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diets, experiments were not carried out to test other metals such as
molybdenum, which is essential for the synthesis of xanthine oxidase.
Thus, these data suggest that the ingestion of some, as yet unknown,
factors found in beef muscle and whole desiccated liver results in an
increased plasma cholinesterase of young growing female rats.
B.

PROTEIN-DEPLETED ADULT RATS

It was of interest to determine whether the increased concentration
of plasma cholinesterase which results from the feeding of diets containing beef muscle to young growing female rats could likewise be
demonstrated in adult animals. Such attempts were made by first
depleting the plasma cholinesterase by feeding a protein-free diet and
then measuring the rate of regeneration of the enzyme following feeding
of diets which contained different dietary protein preparations. Nineteen
animals were fed a protein-free diet (84% sucrose, 12% mazola oil,
4% salt IV, and adequate amounts of the known vitamins) for 45 days.
The animals were bled periodically by cardiac puncture and the cholinesterase activity of the plasma determined. The concentration of the
enzymatic activity is readily lowered during protein depletion (Table
XV). Furthermore, the concentration of this enzyme appears to reach
TABLE XV
THE

EFFECT

OF

PROTEIN-FREE

FEEDING

ON

THE

PLASMA

CHOLINESTERASE

OF

F E M A L E RATS

Days on
diet

No. of
rats

0
14
31
40
45

19
6
6
5
19

a

Plasma
cholinesterase0
100
55 ±
45 ±
28 ±
32 ±

4.1
4.1
6.0
3.3

Expressed as per cent of initial level (1.72 ± .07).

a plateau on approximately the 40th day of feeding at which time about
33% of the original activity remains. On the 45th day, the animals were
fed ad libitum one of the following diets: 20% casein, 20% casein to
which was added 300 μ^ vitamin Bi 2 per kilogram, and 20% beef
muscle. The rats were bled on the 14th and 28th days of the feeding
period and the plasma cholinesterase determined. It may be seen (Table
XVI) that the rate of return of the enzyme activity was greater in the
animals fed the diet containing beef muscle. The addition of vitamin
Bi2 to the casein diet did not affect the rate of repletion of the cholinesterase. Thus, it is possible to demonstrate this phenomenon under
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another experimental condition, namely, repletion of the enzymatic
activity in mature protein-depleted female rats.
TABLE XVI
T H E EFFECT OF DIETARY PROTEINS ON THE LEVEL OF PLASMA CHOLINESTERASE OF
RATS DEPLETED IN PROTEINS

Diet
24% Casein
24% Casein + vitamin B 12
21% Beef muscle
a
0

IV.

% Protein0
20
20
20

Plasma cholinesterase^
14th Day
28th Day
159 ± 3.1
159 ± 9.4
194 ± 12.5

200 ± 18.4
202 ± 18.4
238 ± 15.7

Calculated as per cent of the concentration determined prior to protein feeding.
Protein content based on Kjeldahl N X 6.25.

THE EFFECT OF DIETARY PROTEINS O N REPLETION OF LIVER
PROTEINS

Addis etal. (1936); Kosterlitz (1947), and Harrison and Long (1945)
found that when rats were allowed to fast or were given a protein-free
diet, the liver suffered a very outstanding loss of proteins. It was, therefore, of interest to determine the effect of various dietary protein preparations on the repletion of liver proteins. Chow et al. (1948) subjected
healthy normal rats, weighing approximately 225 gm., to a 48-hour fast
during which time the animals were offered water ad libitum. Ten of
the animals were sacrificed following the period of starvation. The
remaining animals were divided into groups of ten each and were then
fed test diets containing 40% protein for 4 consecutive days (10 gm.
diet for the first day, and 8 gm. for the next 3 days). It was found that,
as a rule, the rats consumed all the rations as scheduled; the few animals
which did not were discarded. The composition of the diet was 40%
test protein, 22% partially hydrolyzed starch preparation, 8% yeast,
4% salt, 2% cod liver oil, and 24% hydrogenated cotton seed oil.
Twenty-four hours after the last feeding the animals were sacrificed
and the nitrogen content of the liver determined by micro-Kjeldahl
method. Ten animals not subjected to any of these experimental conditions served as controls. Lactalbumin and casein were definitely
superior to whole egg or egg white for the regeneration of liver proteins
(Table XVII). It is also interesting to note that wheat gluten is not
inferior to egg proteins according to this test.
Examination of liver for specific tissue components following periods
of depletion have also been carried out. For example, the loss of liver
proteins was likewise accompanied by a decrease in the concentration
of enzymes such as cathepsin, dehydrogenase, etc., which could be
restored on protein repletion (Miller, 1948). Chow et al. (1949b) re-

TABLE XVII
T H E EFFECT OF VARIOUS DIETARY PROTEINS ON THE REGENERATION OF LIVE

Category
of
interest
Mg. N per 100
gm. body weight

Control
122 ± 1.2

Fasting
91 ± 1.6

Diet
Egg
white
105 ± 1.1

Lactalbumin
125 ± 1.8

e

109
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ported that severe protein depletion brought about a decrease in one
of the as yet unidentified nutritional accessory factors. The factor stimulated the growth of Streptococcus faecalis Rough in a medium containing adequate amounts of crystalline vitamin Βχ2. It also corrected
the growth-retardation effects of sulfasuxidine in young rats. This trace
nutrient differed from vitamin B12 chemically in that its microbiological
activity could be destroyed by Wilson's purified trypsin (1:280) which
did not affect the activity of vitamin B12. The destructibility of the
microbiological activity by the proteolytic enzyme preparation suggests
the protein nature of this factor. The microbiological activity in a fresh
liver homogenate was markedly increased by some ten or more fold
if it were allowed to autolyze at 37 °C. for approximately 48 hours. It
was, therefore, of interest to ascertain whether different dietary proteins
are equally effective in replenishing this liver factor. Results showed
that when depleted rats were repleted with different proteins, the number
of microbiological units per gram of fresh liver in the saline extract after
incubation differed according to the protein fed (160 ± 4 for casein;
100 ± 6 for wheat gluten; and 60 ± 9 for egg white).
The results indicate, therefore, that the ability of a given dietary
protein to stimulate the synthesis of tissue proteins or of a nutritional
factor like the one mentioned above is not necessarily correlated with
the orthodox growth efficiency tests.
V. DISCUSSION
The classic studies of Rose (1935), Madden and Whipple (1940),
and Frazier et al. (1947) demonstrated beyond doubt that synthesis of
tissue proteins requires the presence of all the so-called essential amino
acids in the diet. The requirements for these acids may vary slightly,
however, from one species of animal to another and may also be dependent upon the criterion used to measure it. Furthermore, data are
now available to indicate that these essential amino acids must be available at the site of synthesis at the proper time. Thus, the relative rates
at which the essential amino acids are released from dietary proteins
within the digestive tract also play a role in tissue protein synthesis.
The important role of the above factors in protein synthesis cannot
be over-emphasized. In this communication evidence is presented for
the existence of other factors which may influence the rate of tissue
protein synthesis. The variety of conditions under which these data have
been obtained add support to this thesis. For example, two species of
animals (dogs and rats) have been used in these studies. The experiments have been carried out in young growing animals, protein-depleted
adult ones, and finally those subjected to complete inanition. The criteria
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used to measure protein synthesis have been nitrogen balance, total liver
proteins, various plasma proteins analyzed electrophoretically, and lastly,
a specific plasma protein, viz., cholinesterase. In all the experiments
presented, differences attributable to the ingestion of certain dietary
protein preparations could not be explained on the basis of differences
in the total amount or pattern of the essential amino acids, or of differences in the quantity of the other known essential nutrients such as
vitamins and minerals. Therefore, these data are offered as evidence
that dietary protein preparations contain some as yet unknown accessory
factors which stimulate or direct the synthesis of specific tissue proteins.
Unfortunately, the relatively small amount of information presently
available regarding the chemical nature of these substances does not
make it possible to even speculate whether these factors are integral
parts of the protein molecules or represent contaminations which are in
the dietary protein preparations. Thus final proof for this hypothesis
must await purification and identification of these factors.
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