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In a previous paper based on the same study
(1), it was shown that the serum urea concen-
tration of subjects with intact renal function in-
creases with protein consumption. In contrast,
the serum creatinine concentration in such sub-
jects was shown to be independent of protein con-
sumption (2). It has long been known that en-
dogenous urea excretion increases with the pro-
tein consumed, while the rate of endogenous cre-
atinine excretion has been shown to be relatively
independent of the amount of protein consumed
(3).
Popper and Mandel (4) first utilized the endoge-

nous creatinine clearance in man as a measure of
the glomerular filtration rate. Steinitz and Turk-
and (5) found a good correspondence between the
inulin and endogenous creatinine clearances in
normal subjects. More recently Brod and Sirota
(6) have studied the endogenous creatinine chro-
mogen/inulin clearance ratio in man, and con-
cluded that the endogenous creatinine clearance
corresponds closely to the inulin clearance in nor-
mal subjects. Discrepancies which appear in sub-
jects with renal disease and markedly impaired
renal function, are not sufficient to affect seri-
ously the clinical value of the test as a general
indicator of renal competence. This judgment has
been confirmed by Camara (7), as well as by nu-
merous clinical observations of our own.

Miller and Dubos (8) showed that creatinine
is not the only chromogen in human serum that
produces color in the Jaffe reaction. The ratio of
such "pseudocreatinine" to creatinine is higher
in azotemic individuals. Brod and Kotatko (9)
found that the endogenous creatinine and the inu-
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lin clearances approach identity only when the
"true" creatinine clearance is used. They used
Lloyd's reagent to adsorb creatinine and deter-
mined the residual "pseudocreatinine" concentra-
tion in the serum.

Diurnal variations in the endogenous creatinine
clearance have been studied by Brod (10). He
found that the endogenous creatinine clearance in
normal individuals is depressed during the night.
In a more complete investigation, Sirota, Bald-
win and Villarreal ( 11 ) studied diurnal variations
in renal function of normal male subjects. They
found no significant difference in the night and
day values for the endogenous creatinine clear-
ance, except for a slight fall in the period from
12 Midnight to 4 A.M. These experiments were
conducted on "routine ward" diets, and no at-
tempt was made to vary or to control at a constant
level the consumption of protein or of creatinine-
containing foods.
Of all renal function tests, the endogenous cre-

atinine clearance is easiest to perform since no
foreign substance is infused, the serum concen-
tration is constant, and urine collections can be
made over long periods of time, up to 24 hours,
thus minimizing the errors in collection. Those
who have struggled with the methods for perform-
ing inulin determinations realize the relative pre-
cision and simplicity of the creatinine determina-
tion, as modified by Bonsnes and Taussky (12).
For these reasons it seemed desirable to investigate
the effect of dietary protein consumption upon the
endogenous creatinine clearance and its diurnal
variation, since this matter has not been considered
in the previous publications.
A clinical test is of optimal usefulness if its per-

formance is simple. For this reason, because we
were concerned with the endogenous creatinine
clearance as an indicator of renal competence
without regard to the possible analysis of indi-
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TABLE I

Diurnal variation of serum creatinine concentration in relation to didary protin consumption in normal male individuals

Diet 7:15 A.M. 11:45 A.M. 4:45 P.M. 9:45 P.M.

|no. obs. |mg. etand. | no. obs. mg. % | stand. dev. no. obs. |mg. stand. dev. no. obs. mg. % | devng. protein/kg. no b.m.% mean mean mean stand.dv

0.5 26 1.02 40.08 34 1.03 40.09 17 1.08 40.11 1 7 1.06 40.06
1.5 18 1.00 40.09 18 1.01 40.09 8 1.05 4:0.07 9 1.09 40.07
2.5 34 1.04 4-0.07 36 1.04 -:0.07 1 7 1.04 - -0.07 17 0.99 4-0.09

vidual renal functions, it was not considered de-
sirable to complicate the determinations by the use

of Lloyd's reagent. In addition, the test is most
useful in evaluating patients with slight degrees
of renal functional impairment, before the develop-
ment of azotemia. In such patients, the "pseudo-
creatinine" chromogen is at a minimum.

METHOD

1. Conditions of the experiment

The conditions have been previously described in de-
tail (1, 2). The principal subjects in this study were

nine male internes. They were fed carefully contrived
diets, all providing more than 2,000 calories per day,
with fluid consumption permitted ad libitum. From Mon-
day breakfast (7 A.M.) until Saturday at noon the diet
was carefully followed. Over the weekend, until the
foUowing Monday at breakfast, the subjects were allowed
a free diet. The breakfasts were free of pre-formed cre-

atinine; that is, they contained no meat, fish, or chicken.
At other meals meat was used as needed to provide the
desired amount of protein. During the first week the
diet contained 0.5 g. protein per kg. body weight per day.
During the second week the protein content of the diet
was 1.5 g. per kg. body weight, and during the third
week the protein content was raised to 2.5 g. per kg. body
weight. After a gap of two months, the experiment was

,repeated at lowest and highest levels of protein con-

sumption.
Urine collections and blood specimens were obtained on

the last two days of each diet. Friday was divided into
four urine collection periods; 7 A.M. to 12 Noon, 12
Noon to 5 P.M., 5 P.M. to 10 P.M. and 10 P.M. to 7 A.M.
Blood specimens were obtained just before each meal

and at bedtime, with a 15 minute leeway allowed in either
direction from the times indicated: 7:15 A.M., 11:45 A.M.,
4:45 P.M. and 9:45 P.M. On Saturday there was a

single urine collection from 7 A.M. to 12 Noon, while
blood specimens were obtained at 7:15 A.M. and 11:45
A.M.

In order to compare the normal clearance values in
women with those in men, a group of 25 female nurses,
dietitians and medical students were studied in a similar
fashion. However, the experiment was modified for this
group and they were studied only on the 0.5 g. protein
diet. Urine collections were made each day of the
week from 10 P.M. to 7 A.M., while blood specimens were

taken daily at 3:15 P.M.

2. Methods of Measurement

Creatinine determinations were performed by the
Folin-Wu method, as modified (2). Clearances were cal-
culated from the measured excretion rate, expressed in
mg. per 24 hours, corrected to a body weight of 70 kg.
The serum concentration used in the calculation was a

logarithmic mean of the concentrations found at the be-
ginning and the end of each period. For body weight
corrections, the subjects were weighed daily. Clearance

values were corrected by a factor 700 7 where BW=
BW0-7'

body weight in kg., in accordance with the suggestion of
Addis (13). The calculated clearances were expressed
in L. per 24 hours per 70 kg. body weight.

RESULTS

As has previously been shown (2), the serum

creatinine concentration does not vary significantly
with diet in normal individuals. From Table I it
is seen that the diurnal variation in serum cre-

TABLE II

Diurnal variation of endogenous creatinine excretion in relation to dietary protein consumption in normal male individuals

Diet 7 A.M.-12 Noon 12 Noon-S P.M. 5 P.M.-10 P.M. 10 P.M.-7 A.M.

g. protein/ no. mg./24 hrs./I stand. | no. mg./24 hrs./ stand. no. mg./24 hirs./ stand. no. mg./24 hrs./ stand.
kg. obs. 70 kg. dev. mean obs. 70 kg. dev. mean obs. 70 kg. dev. mean obs. 70 kg. dev. mean

0.5 31 1760 =4164 16 1783 4 77 16 1823 +119 16 1517 -97
1.5 16 1858 -4-112 9 1896 4 81 9 1935 4 83 9 1611 478
2.5 33 1844 4155 14 1988 4135 18 2081 -150 17 1687 490
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TABLE III
Diurnal variation of endogenous creatinine clearance in relation to dietary protein consumption in normal male individuals

Diet 7 A.M.-12 Noon 12 Noon-S P.M. 5 P.M.-1O P.M. 10 P.M.-7 A.M.

g. protein/ no. L./24 hrs./ stand. no. L./24 hrs./ stand. no. L./24 hrs./ stand. no. L./24 hrs./I stand.
kg. obs. 70 kg. dev. mean obs. 70 kg. dev. mean obs. 70 kg. dev. mean obs. 70 kg. dev. mean

0.5 24 171 1:17 16 167 115 16 166 1:15 16 141 -412
1.5 16 180 1:17 8 177 =110 8 179 1:14 9 151 :1:15
2.5 3 11 178 +1--7 14 182 4-17 1 16 200 4-14 16 164

1

+-13

atinine concentration is insignificant, with a wide
range of protein consumption, even though the
consumption of pre-formed creatinine was limited
to the noon and evening meals.
As seen in Table II, on each diet there is a

moderate but significant drop in creatinine excre-
tion during the period from 10 P.M. to 7 A.M. In
addition, there is a slight but significant rise in cre-
atinine excretion during all periods, except 7 A.M.
to 12 Noon, as the dietary protein consumption
rises. Since the serum creatinine concentration
remains constant, the clearance values follow the
variations in excretion, and this may be seen in
Table III.
The female subjects were observed only under

one set of conditions, so that effects of diet and di-
urnal variation were not noted. However, Table
IV reveals that both the serum creatinine con-
centration and the creatinine excretion were lower
than the values obtained in males on the same diet
and at the same times. In spite of this the mean
clearance value was not significantly different from
the value obtained in males under similar condi-
tions.

DrSCUSSION

Since there was a drop in creatinine excretion
during the period from 10 P.M. to 7 A.M. and
there was a rise during the period from 7 A.M. to
12 Noon, after a creatinine-free breakfast, on all
diets, the factor responsible for the nocturnal drop

TABLE IV

Nocturnal creatinine clearaince values in normalfemales on a
low protin diet (0.5 g. per kg. per day)

No. ~~~~~Stand.Nob. Value dev.
obs._mean

Serum creat. conc. (3 P.M.) 124 0.79 mg. % zt0.07
Creat. excret. (10 P.M.-7 A.M.) 124 1147 mg./24 hrs./70 494

kg.
Creat. clear. (10 P.M.-7 A.M.) 124 146 L./24 hrs./70 kg. -~14

must be other than the dietary protein consump-
tion. In view of the observations of others that
various renal functional measurements rise during
recumbency and drop when the erect, lordotic
posture is assumed (14-16), it seems improbable
that the nocturnal drop in creatinine excretion is
a postural effect. Likewise, it seems improbable
that this nocturnal drop is the result of diminished
physical activity, since several investigators have
found that renal functional measurements made
at rest are greater than those made during mild
exercise and much greater than those made during
severe exercise (17-19).
During sleep a much greater degree of relaxa-

tion is attained than during rest while awake.
There is a generalized relaxation of the vascular
bed, manifested by the drop in vascular tension
that occurs during sleep in normal individuals. It
seems most reasonable to suppose that the noc-
turnal drop in creatinine excretion, and conse-
quently in the endogenous creatinine clearance, is
the result of such a relaxation of the vascular ten-
sion, with a drop in filtration pressure at the glo-
merulus and drop in the glomerular filtration rate.
In this connection it is of interest to note that
Sirota and his associates (11), by using shorter
nocturnal urine collection periods, found the pe-
riod of diminished inulin and endogenous cre-
atinine clearances to coincide with the period of
deepest sleep.
The influence of diet upon the endogenous cre-

atinine clearance is absent in the morning period
from 7 A.M. to 12 Noon, after a creatinine-free
breakfast. From this it is apparent that the fast-
ing period from supper time until morning is suffi-
cient to obtain basal conditions with respect to

creatinine excretion. For this reason, it seems
most desirable for clinical determinations to use

the morning period for collection, after a creatinine-
free breakfast. This simply means a normal break-
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fast of eggs, toast, cereal, etc., but without meat
or bacon.

In this experiment, there was no significant
variation in the serum creatinine concentration
of the male subjects under any of the varied con-

ditions, with a grand mean value of 1.03 mg. per
100 ml. Therefore, it would seem satisfactory to
use a serum specimen obtained just before, during,
or just after the period of urine collection for cal-
culation of the clearance.

In the female subjects the serum creatinine con-

centration was slightly, but significantly, lower
than in the males, with a mean value of 0.79 mg.

per 100 ml. However, the creatinine excretion
was proportionately lower than in the males, so

that the mean endogenous creatinine clearance did
not differ significantly from the value obtained
in males under the same conditions.
The values obtained for the endogenous cre-

atinine clearance during the morning collection
period from 7 A.M. to 12 Noon had a mean value
of 176 L. per 24 hours per 70 kg. body weight.
This is almost identical with the values obtained by
Sirota and his colleagues (11) for the "peak,"
when translated into comparable units.

SUMMARY

The endogenous creatinine clearance is a valu-
able, simple, clinical test of renal function. It is
affected slightly by the dietary protein consump-

tion and by diurnal variations. TIhese influences
may be eliminated, for practical purposes, by col-
lecting urine for the test during the morning after
a creatinine-free breakfast. The normal endoge-
nous creatinine clearance under such conditions
is 176 L. per 24 hours per 70 kg. body weight, or

122 ml. per minute per 70 kg. body weight.
In females the normal mean serum creatinine

concentration is 0.79 mg. %o, slightly lower than in
males. The normal mean endogenous creatinine
clearance for female subjects was determined un-

der one set of conditions and did not vary signifi-
cantly from the values obtained in males.
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