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Effects of Protein and Fluid Consumption Upon Plasma Volume and Circu-
lating Protein in the Rat.

Ricuarp W. Lippman.*  (Introduced by T. Addis.)
From the Department of Medicine, Stanford University School of Medicine, San Francisco,
Calif.

In studying rats under experimental condi-
tions, changes in the concentration of serum
constituents were noted. It was considered
possible that such changes might be the con-
sequence of changes in blood and plasma vol-
ume, induced by alterations in the consump-
tion of food and fluid, rather than the conse-
quence of a direct metabolic effect. This
study was undertaken in order to determine
whether the conditions of our experiments
had produced such alterations in blood and
plasma volumes.

Methods. A total of 101 normal male rats
were used, ranging in weight from 148 to 196
g. The rats were taken from stock, where
they had received a diet containing 17% of
protein, and water as desired. They were
placed in individual cages and given experi-
mental diets for a specified time. At the end
of this time, blood and plasma volume de-
terminations were made by the method pre-
viously reported.! The serum from each ex-
perimental group of 8 to 10 rats was pooled
in aliquot portions, and the total serum protein
was determined by a modification of Kingsley’s
biuret method.? Exact composition of the
diets is given in Table I. Total circulating
protein was calculated from the measured
data.

The rats received unrestricted amounts of
the 3% and 77% protein diets and water.
With the exception of the total starvation
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phia, Pa. Dr. Lippman is now at the Institute
for Medical Research, Cedars of Lebanon Hospital,
Los Angeles, Calif.
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group, each group received an adequate num-
ber of calories.

Results. Detailed results are given in
Table II, and compared with normal control
values previously established for rats of the
same weight taken directly from stock diet.3

None of the protein-deficient diets, whether
of high or low fluid content, induced any
appreciable change in plasma volume at the
end of 7 days, although the total blood volume
was increased about 10% when compared
with normal for the final weight.

The fluid diet with added salt appeared to
increase both total blood volume and plasma
volume about 10% at the end of 17 hours.
The 77% protein diet produced a similar
change at the end of 7 days.

Neither the fluid diet without salt, nor total
starvation for 17 hours altered the total blood
or plasma volume.

None of the 17-hour experiments showed
any significant change in total circulating
serum protein or total serum protein concen-
tration. However, all the protein-deficient
diets reduced the total circulating serum pro-
tein by 15-20% in 7 days, with an almost
commensurate reduction in the total serum
protein concentration. The 77% protein diet
did not produce any significant change in total
circulating serum protein or in the total serum
protein concentration during the period
studied.

Discussion.  Although there have been
many studies of the effect of diet upon total
serum protein concentration, very few have
correlated such effects with changes in the
blood and plasma volumes, or have studied
volume changes alone.

Boycott and Chisolm* found no change in
blood volume, but a fall in plasma volume,

3 Lippman, R. W., Proc. Soc. Exp. Bior. AND
Mep., 1948, 67, 193.
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TABLE 1.
Percentage Composition of Diets.
. Stock diet 109% dext.
Constituent (17% prot.) 3% protein 779 protein 10% dext. with salt
Bone ash 15
Soy bean meal 5.7
Wheat 73.4
Corn starch 4.0 74.0
Casein 9.7 74.0
Yeast 10.0 10.0
Sardine oil 3.2 10.0 10.0
Alfalfa 2.0 2.0 2.0
Salt mixture 0.5 4.0 4.0
NaCl 0.4
Vit. B complex 1.0 1.0
Dextrose 10.0 10.0
Water 89.0 88.6
TABLE II.
Effect of Various Regimens on Blood and Plasma Volume and Serum Protein.
Mean Results.
Total 109% dext. 10% dext.
Diet starv. 109 dext. withsalt 10% dext. withsalt 3% prot. 77% prot.
Duration 17 hr 17 hr 17 hr 7 days 7 days 7 days 7 days
No. rats 9 16 20 8 8 20 20
Initial wt, g 151 153 172 172
Final wt, g 147 173 163 119 125 155 185
Blood vol,, ce 11.29 11.91 12.56 9.67 10.01 11.57 13.68

% normal 109 =14 99 + 2.1

Plasma vol., ce
% mnormal

6.22 6.66
103 = 1.8 100 + 2.6

Total serum protein, g %  5.33 5.42
% mnormal 105 102
Total circ. protein, mg 332 361
% mormal 102 96

.51
112+ 1.1 110 +=2.3 110 =23 107 =26 11023

7.14 4.90 5.35 6.10 7.52
111 =14 96+3.4 10338 99=+25 10623
5.28 4.28 4.48 4.70 5.62
101 89 92 92 102
377 210 240 287 423
106 81 87 84 106

after 9 to 11 days on a protein-free diet.
Frisch, Mendel and Peters® produced marked
depression of serum protein concentrations
by using a carrot diet for 18 weeks. Bloom-
field,® on the contrary, found that an other-
wise balanced 3% protein diet did not produce
much lowering of serum protein concentration
at the end of 21 weeks.

Metcoff, Favour and Stare” studied protein
deficiencies in the rat, and their conditions
for “acute protein deficiency” closely resem-
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bled our 3% protein diet for 7 days. They
found, under these conditions, a decrease in
the circulating total protein per unit surface
area, and in the plasma volume per unit sur-
face area.

The apparent increase that we found in the
cell volume of rats with protein deficiency is
probably due to the stability of the erythro-
cyte mass compared with the lability of plasma
volume and body weight. In one week, the
erythrocyte mass formed at the starting weight
would not have changed appreciably, while
the plasma volume and body weight had
diminished, so that the erythrocyte mass was
relatively increased.

We have avoided using the relation of
variables to body surface area in these com-
parisons because of the pitfalls that have
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been suggested previously.® The situation
would be additionally complicated by the
fact that body surface formulae are derived
from rats on stock diet. It is known that,
after starvation or over-feeding, the composi-
tion of the body changes with respect to the
basic constituents such as protein.® With
such changes, the relation between body
weight and surface area may change. There-
fore, we have compared our results in each
group with rats on stock diet at the same
weight.

8 Addis, T., Proc. 6th Pacific Science Congress,
1939, 6, 677.

LipotroPIC ACTIVITY OF METHIONINE

Summary. 1. Drastic changes in protein,
fluid, and salt consumption do not produce
striking changes in blood and plasma volumes
of the rat, over the periods studied. 2. In-
creased fluid consumption produced an
increase of about 10% in total blood volume
and plasma volume at the end of 17 hours,
only when salt consumption was simultane-
ously increased. 3. A high protein diet
increased blood and plasma volumes slightly
at the end of 7 days, but did not appreciably
alter the serum protein concentration. 4. All
protein-deficient diets reduced the total circu-
lating protein by 15-20% at the end of 7 days.
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Effect of Lipotropic Agents in a Diet Containing Pure Amino Acids in Place
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In an experiment where an amino acid mix-
ture replaced casein in a diet deficient in lipo-
tropic factors, Rose, Machella, and Gyorgy?
found no appreciable effect of methionine fed
to rats at a level of 50 mg per day or equiva-
lent to about 0.8% of the diet. It was not
immediately possible to extend this work but
the need to determine whether more methio-
nine would be effective or whether some other
factor was involved was recognized. In the
present study the effect of methionine in the
original and in larger dosage was compared
with that of choline.

Experimental. The experimental diet and
the procedure followed were as previously
described. Male albino rats, weighing 150 to
165 g were divided into 4 groups of which
one received basal diet alone, the others re-
ceiving in addition respectively, 50 mg of
methionine, 100 mg of methionine and 25 mg
of choline chloride per day in aqueous solu-
tion. For about three-fourths of the animals
we followed our usual procedure of giving the
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supplement in a Caster Cup. Since some of
the rats disliked the solution of methionine a
stomach tube was used for supplementing
those animals which started later in the ex-
periment (equal numbers of all groups). The
animals were sacrificed at the end of 3 weeks
and the liver fat determined.

Results and Discussion. The experimental
data are summarized in Table I. As previ-
ously observed! the basal diet was quite inade-
quate in maintaining the weight of the animals
and addition of the sulfur containing amino
acid neither improved the nutritive value of
the ration in this regard to any great extent,
nor encouraged appetite. Choline was equally
without effect on these factors. Food intake
was remarkably constant in all of the groups
but much lower than in the previous experi-
ment. The average consumption was 4.1 g
per day as compared with 5.9 g in the earlier
study.

In the control animals the low food intake
and weight loss did not prevent the develop-
ment of fatty livers, an average value of
20.4% being found. A greater effect of
methionine was observed in this experiment
than in that previously reported. There was



