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DIETARY PROTEIN AND BLOOD
UREA BLOOD UREA LEVELS IN
THE RAT AS INFLUENCED BY
THE TYPE OF DIETARY PROTEIN
AND TIME AFTER A MEAL
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Olaf Nickelsen

Previous work by other investigators indicates a direct relation
between the amount of protein in the diet and the level of urea
in the blood. However, the presant report shows that the type of
protein, apart from its level in the ration, also has an effect on
blood urea concentrations. When adult male or female rats of two
strains were fed a ration in which the only source of protein was
wheat {lour, the blood urea Ilwel was 20 per cent lower than in rats
fed an isonitrogenous ration containing casein. This reduction was
apparent in the first blood samples faken one weel after the start
of the wheat ratie. It was most prominen In the blood samples
secured 18 hours aiter removing the feed cups from the cages. The
reduction in blood urea was not due to a decreased digestibility of
the flour ration nor to o change in the proportion of urinary nitro-
gen excreted as urea,

Under normal circumstances, the bloud urea nitrogen {PUN) leval
is probably controlled by several factors. The nutritional factor
that has received considerable pubticity in this respect is the quan-
tity of dietary protein. A relationship between the amount of
dietary protein and BUN level in human subjects was pointed
out by Addis and Watanabe as early as 1917 (1). These investi-
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gators observed an increase in the BUN levels of their four subjects
when the protein intake was raised lrom 12 g per day to 150 g or
more, Thirty years later, the same group observed a doubling in
BUN when the protein intake of 10 normal young men was in-
creased from 0.3 g per kg of body weight 10 1.5 g (2). A {urther,
but less dramatic, increase in BUN occurred when the protein in-
take was raised to 2.5 g per kg. MacKay and MacKay (3) stated
that the BUN levels of normal medical studenis increased when
their protein intakes wers raised from 1.1 g per kg uf body weight
to 1.7 g. Infants also appear to show an increased BUN whenever
the protein ntake is augmented (4). The latter work was done
with different groups of infants. This study showed that as the
percentage of calories from protein increased {rom 7 to 20, the
BUN increased progressively from 6.0 to 22.6 mg per 100 ml.

The one report contradicting the preceding relationship
comes from Chitre, et al (5) who observed no change in the BUN
levels of 20 Indian medical students when their protein intakes
were increased from 40 to 80 ¢ per day.

Relatively little work on the relation of protein intake to
BUN has bezen done with animals. Oshorne and coworkers (6}
observed that as the protein in the rations fed to rats was increased
from 18 to 80 per cent, the BUN went up from 9.2 to 38 mg
per 100 mi.

That the type of dietary protein may influence the BUN is
suggested by the work of Puchal, et al (7). When weanling pigs
were fed isonitrogenous rations containing different proteins. th-
urea levels of the blood on the 26th day of the trial were inversely
refated to the weight gains of the animals. The urea levels ranged
from an average of 134 mg per 100 ml of Plasma for the pig:
fed the dried skim milk ration to 33.1 mg for those fed the meat
meal ration. These results suggested to the investigators that an

Fruan - P P 7 I NPt M P | P R T Y .
verse relation existed botween the hiol Cai vaiut o1 a proien

and the BUN level in the animal consuming that protein.

That the type of dietarv protein may influence the BUN
levels of human subjects was shown by Bolourchi, Fuerig and
Mickelsen (8). They found a marked reduction in the BUN levels
of normal men fed a diet which provided 90 to Y5 per cent of the
proteint from wheat. This reduction in BUN levels occurred even
though the protein intake was maintained at 70 ¢ per day during
both the control and experimental periods.

The present work was undertaken to determine : () if a
reduction in BUN occurs in rats fed diets in which wheat was the
sole source of protein; (2) the effect of time after a meal and
source of dietary protein on BUN levels; and {3) whether dif-
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1
cups were removed from the cages at 3 p.m. blood samples were
taken by heart puncture the [ollowing morning when the animals
had been without feed for 18 hours. Immediately thereafter, the
fed cups were returned to the cages for three hours; at the end of
that time, another blood sample was taken. For the next four
hours, the rats were without feed; at the end of that period, the
third blood sample was taken, The rats were weighed just prior
to each bleeding. The food intake during the three-hour feeding
period was recorded. Water was available at all times.

After the preceding study, the grain ration was replaced
with the wheat ration (table 1). This was fed for ten days, after
which blood samples were secured as previously described.

Both dietary regimens and blood collections were repeatsd
on two separate occasions, with one week intervening hetween the
trials. ‘The animals were fed their aliouted rations throughout the
study.

Experiment 3. Nitrogen digestibility and retention, and
urea excretion of rats fed grain, wheat or cascin rations. Fourteen
adult, female Sprague-Dawley rats were kept in individual meta-
bolism cages and fed the gram ration for 9 days (9). The first 3 of
the 9 days were considered as the adjustment period. Thereafter,
urine and feces were collected for two successive periods of three
days each, Teed consumption was measured.  As soon as the
preceding phase of the study was completed, another 9 day meta-
bolisin study was started. For this, 4 rats were maintained on
the grain ration; 5 were fed the casein and 5 the wheat ration
(table ). Nitrogen balance studies were carried out for the first
three days and the seventh through ninth days of this period.

Nitrogen was determined by the Kjeldall technique. For
this, the feces were homogenized with distiled water. Urinary
urea was determined on a 1-250 dilution of the urine by the pro-
cedure described for Experiment 1,

Experiment 1, First and Second Trial: The BUN levels of the
rats fed the wheat ration were significantly lower than those fed
the casein ration (table 2). The variability in the vahlues over the
eight-week experimental peried mas greater for the rats led the
casein ration. In this study, the first blood sample was secured
one week after imtiating the ration trial. The reduction in BUN
levels associated with feeding the wheat ration was not a tem-
porary phenomenon; the lewer ievels were maintained over the
cight weeks of the study. The differences in BUN levels of the
cascin and wheat-fed rats occurred in both males and females and
in rats of two different strains,
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The lower BUN levels in the wheat-fed rats was not related
to the percentage of nitrogen in the ration nor to the nitrogen
intake of the individuzl animals, The wheat ration by analysis
had a slightly higher nitrogen content than the casein ration
(2719 vs. 2.529%). In one pair of female rats, there was no
difference in nitrogen intake, while in the other pair, the rat fed
the wheat ration consumed about one-third more protein than the
casein-fed rat (table 2). In both cases, the wheat-fed rats had
lower BUN levels than the casein-fed rats,

The body weight losses experienced by the rats during the
early part of the study were partially reversed in some of the
animals, toward the end of the period. The stight differences
in body weight losses become biologically insignificant when it is
realized that these animals ranged in weight from about 200 g
for the {emales to over 600 g for the males.

The reduction in BUN level has been shown by all groups of
adult rats fed the wheat ration. In the second trial, which involved
12 animals, there was a consistent difference in BUN levels of the
wheat (9.1 mg per 100 ml) and casein (120 mg) ‘ed rats
{table 3). The BUN levels of both groups of rats during the
control period, when they were fed the grain ration, wers simijar
to those of the casein-fed rats (128 and (2.0 mg per 100 ml
respectively).

Experiment 2. The primary purpose of this study was to
cvaluate the changes in BUN lovels at various intervals following
the ingestion of {ood. The absolute increases in BUN levels
immediately following a meal werz similar for the wheat- and

~grain fed rats {9.33 and 10.66 mg per 100 ™ respectively— table

4). Since the initial BUN levels of the two groups of rats differed,
the relative increases were markedly different (93% and 69% for
the wheat and grain groups respectively),  After the meal, the
in the garin- fed 28%% in the BUN lovels decreased gradually
wheat - fed - 149 .

Two trials were run in this series with one week intervening
between the end of one and the Leginning of the other, The
rosudts of the two trials were so similar that the values were com-
bined (table 4).

Experiment 3. Fhe digestion coelficients (or the rats with-
in each group and for those fed different rations were fairly uni-
form (table 5). The maximum spread in th: values, which was
for onc of the grain trials, was about 17 per cent; for mest of the
others, it was closer 1o [0 per cent.

For all grain trials digestibility ranged [rom 73 1o 80 per
cent, whereas the digestibility of the casein and wheat rations
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were somewhat greater.  The two values for the casein ration agree
very well, whercas the first value for the wheat was lower than
the second, suggesting that the three days intervening between
the first and second trials permitted the rats to adapt to the ration.
When that happened, the digestibility of the wheat ration was the
same as that of the casein ration. On the basis of this ohservation,
the differences in BUN values of the rats fed the casein and wheat
rations cannot be attributed to any difference in nitrogen ab-
sorption.

Despite the uniformity of the digestion trials, there was
considerable variability in nitrogen retention. The rats fed the
casein ration, during the first trjal {the first § days following the
grain ration), retained nitrogen, For some unknown reason, these
rats had been in negative nitrogen balance prior to this. During
*he second trial, the wheat-fed rats were in positive balance
while in the first period, two of three rats were in negative
balance. A short period of adaptation to that ration probably
was essential before the full effects resulting from its feeding could
be seen in these adult rats.

The reduction in BUN brought about by feeding the wheat
ration was probably due to a reduction in total body load of this
compound. It would be almost impossible, under the conditions
employed in this study, to detect the increase in urea excretion
associated with a reduction in BUN levels. The reason for this
is the small amount of urea that has to be excreted to bring this
about. Urea is believed to be distributed uniformly in the body
water.  For the 300 g female rats used in this study, the body
water content is approximately 200 ml. A reduction of 4 mg in
the BUN levels produced by the wheat ration could be accounted
for by 8 mg urea nitrogen. If this were excreied in the 3-day
balance period, it would represent a one per cent increase in uri-
nary nitrogen which obviously would be too small to detect.

The urea in the urine represented approxinately the same
fraction of total nitrogen regardless of the ration fed. The results
suggest that the change in BUN level was not associated with any
drastic alteration in protein metaboiism, at least insofar as this
coutd be detected by its primary degradation product in the urine.

The ingestion of a wheat flour ration by adult rats lowers the BUN
level as compared to that seen in rats fed in isonitrogenous casein
ration. The reduction in BUN brought about by the wheat
ration occurred in both male and females of the two strains studied.
This reduction occurred regardless of body weight of animals.
Other work has shown that weanling rats do not show the same
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TABLE 1

The composition of the casein and wheat diet

casein diet wheat diet

% e
casein i8.10 —
high protein flourl —_ 75.00
sucrose 12.75 12.75
dextrose 22.20 —
corn starch 34.70 —
corn oil2 6.00 6.00
minerals2 4,00 4.00
salt (naCl) 1.00 1.00
vitamins {water soluble)3 1.00 1.00
vitamins {fat soluble)4 {125 0.25
7 nitrogen (by analysis) 2.52 2.71

1. Pillsbury Co., Minneapolis, donated this special high protein
flour which contained 21.5¢% protein (NX5.75).

2. Mineral mixture composition (¢}: XCL 11.59; KI, n.002;
FeS304, 0.80; CuS04, 0.11; MnS04, 0.11; ZnS04, 0.46; MgCO3,
2,30; NaHCO3, 28.74; CaHPO4, 41.3%; CaCO3, 14.37: CaCl2,
0.11.

3. Vitamin (water-soluble) mixture contained (mg/500 g)}: Thia-
min HCI, 150; Riboflavin, 300; Nicotanic Acid, 2000; Ca-pan
tothenate, 1500; Pyridoxine, 100; P-aminohenzoic acid, 650;
Ascorbic acid, 4000; Inositol, 6,500; Choline chigride, 65,000;
Folic acid, 13; Biotin, 2.5; B12, 5; made to 500 & with dextrose,

4. Vitamins (fat-soluble) mixture contained / 125 g: tocopherol
acetole 500 mg; vitamin A, 214,300 I.U,; 2-methyl, 1, 4-naph-
thoquingne, 2 mg; calciferol, 0.6 mg; made to 125 g with

Sucrose.
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EXPERIMENTAL

ference in BUN levels can be accounted for by differences in nitro-
gen digestibility or retention.

Experiment 1. Effect of wheat flour and casein on blood urea
levels of rats,

First trial:  For 8 weeks, three adult rats( one male and
one female Oshorne-Mendel and one female MSU grey) were fed
a wheat ration. Another 3 rats matching these in strain, sex, age
and body weight were fed a casein ration {table 1) Feed and
water were available to the animals at all times,

Blood samples were secured under light ether anesthesia
from all animals each week by heart puncture. The blood sam-
ples were taken 4 to 5 hours after the feed cups were removed
from the cages. This time interval was chosen since Winsten (9)
indicated that for human subjects this was sulficient for the re-
estahlishment of basal blood urea levels. The serum was analyzed
for urca by the following procedure: 0.1 ml serum and 0.2 ml
urease solution (3 mg crystalline urcase in 4 mi water) were in-
cubated at 37°C for 30 minutes after which 0.1 ml 109% sodium
tungstate solution, 0.1 ml 2/3 N suifuric acid and 1.0 ml distilled
water were added, After centrifugation, 1.0 ml of the supernatant
was added to 0.2 ml Nessler’s reagent.  The absorption at 470 mu
was determined with a Beckman DU spectrophotometer and com-
pared with standard solutions of apunonium sulfate.  These were
carried through the same procedure. TFor cach sample, a blank
was also put through the procedure except that distilled water was
used in place of the urease solution,

Second Trial 1 This was essentially a check on the preced-
ing study. For it, 16 adult male Oshorne-Mendel rats were fed a
grain ration (10), Feed consumption and body weights were mea-
sured weekly. Late in the afternoon of the last day of each week,
the {eed cups were removed from the cages. The next morning,
after a 16 hour fast, blood for BUN determinations was secured
Iy heart puncture. For this, the animals were anesthetized.

At the end of the second week, the 12 rats whose BUN
levels were most uniform during the two week period were chosen
for the study. They were divided into two equal groups on the
basis of body weights, feed intakes and BUN levels. One group
was fed the wheat and the other the cascin ration (table 1). Body
weights and blood samples were sceured at tire end of each weck.
The rats were fed the casein or wheat rations for two weeks,

Experiment 2. Changes in the blood urea levels with time

after a meal. For a period of 10 days, tweive adult Sprague
Dawley rats were fed a grain ration (10). On the tenth day, feed



