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The determination of body composition of living animals

The daily endogenous creatinine excretion as a measure of
body composition in rats

By I. KUMAR,* D. G. LAND+ a~xp A. W. BOYNE
Rowett Research Institute, Bucksburn, Aberdeen

(Received 5 December 1958—Revised 13 April 1959)

In many nutritional and metabolic experiments it is desirable to know the mass of one
or both of the main components of the animal body, namely storage, or non-essential,
fat and lean body mass (L.B.M.) (Behnke, 1g41-2). These components, together with
the gut contents, make up the live weight of the animal. Fat is the most variable of the
three, and in many nutritional and dietary experiments its size is important. However,
as it is not an actively metabolizing tissue, for some purposes it is often sufficient to
know the size of the L.B.M. only. The constancy of the composition of the L.B.M. is
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striking (Murray, 1922; Moulton, 1923; Pace & Rathbun, 1945). The gut contents,
which may form a large part of the live weight, especially in herbivores, cannot be
considered as a part of the animal body, but at times it may be necessary to know their
mass in order to obtain the mass of one of the other components. This series of studies
is concerned with the development and evaluation of methods for determining the mass
of these components in living animals.

Over 50 years ago Folin (1gos5) postulated that the daily creatinine excretion,
which he showed to be fairly constant for a given adult individual, was related to the
muscle mass, or to the active protoplasmic mass, of the body. Since then many
attempts have been made to utilize this postulate in estimating the various body com-
ponents in man and other animals. Although the evidence available suggests that
creatinine excretion and some body components are correlated, nowhere do the cor-
relations appear to be close enough to provide accurate predictions of any of these
components. Beard (1943), in the latest review, has strongly criticized Folin’s idea and
denied the usefulness of creatinine excretion for estimating the size of a major body
component.

Folin’s work led to the introduction, by Shaffer (1908), of the term ‘creatinine
coefficient’ for the number of mg creatinine nitrogen excreted daily per kg body-
weight. McClugage, Booth & Evans (1931) reported on five very obese human sub-
jects with a mean creatinine coefficient of 8-25, four normal subjects with a mean co-
efficient of 20'4 and five subnormally developed subjects with a mean coefficient of
159. As the obese subjects lost weight, presumably fat, their creatinine excretion
remained constant and the coeflicient increased. These observations indicate an
association between the creatinine coefficient and the proportion of muscle in the
body. Similar results were obtained by Talbot (1938) in obese, normal, lean but mus-
cular, and emaciated children. Recently, Muldowney, Crooks & Bluhm (1957) have
obtained a correlation (r = o0-73) between daily creatinine excretion and L.B.M.
as estimated by antipyrine. Ryan, Williams, Ansell & Bernstein (1957) have obtained
in fourteen normal and twelve diseased subjects the relationship

cM. = 14'5+9'5C,

where c.M. represents cell mass (kg), C creatinine excreted (g/day) and the standard
error of the regression coefficient is + 5-1. Miller & Blyth (1952) observed that from
their data on forty-three subjects the L.B.M., determined densiometrically, could be
predicted from the daily creatinine excretion to within + 1319, in go%, of the sub-
jects (£ 157% in 959 of the subjects). Correlations have also been obtained with
L.B.M. determined by skinfold thickness by Best (1953) (r = 0-643) and Best, Kuhl &
Consolazio (1953) (r = 0-610). Garn & Clark (1955) have shown a low, but significant,
negative correlation (r = —0-40) between creatinine coefficient and percentage fat in
man obtained from X-ray measurements of fat thickness in the mid-trochanteric region.
Beard (1932), however, using the data of 400 1st-year medical students who analysed
their own single 24 h samples of urine, found poor correlation with body-weight
(r = o0'13) and the two-thirds power of body-weight (r = o-13).

The only recent work with animals was done by Lofgreen & Garrett (1954), who
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showed a correlation (r = 0-67) between the creatinine coefficient and the percentage
of separable lean meat in steer carcasses, and by Beard & Pizzolato (1945) who found
that in rats the correlations between daily creatinine excretion and body-weight
(r = 0-06) and between daily creatinine excretion and muscle weight (r = 0-18) were
not significant. In the work of the latter authors, although a large number of rats
was used (145), collections of urine were over 2 days only and no correction was made
for dietary creatinine, They thus failed to eliminate at least two of the causes which we
believe to be largely responsible for the general lack of precision in investigations of
the relationships between creatinine excretion and the mass of body components.
These causes are: (1) failure to correct for dietary creatinine; (2) day-to-day variation
in total creatinine excretion, which could lead to large errors over the short collection
period used by many workers; (3) errors in measuring the mass of a body component.
These causes have been considered in the work reported here, the objects of which
were: (@) to investigate how the endogenous creatinine excretion is related to the fat-
free mass (F.F.M.), which is the nearest approach to the L.B.M. capable of being
measured with any accuracy by the direct methods of carcass analysis (F.F.M. consists
of L.B.M. less the mass of essential and structural lipid extracted with diethyl ether);
and (b) to investigate whether measurements that can be made in vivo can be used
effectively for the prediction of F.F.M., total fat, nitrogen and water in the rat.

EXPERIMENTAL

Rats and their treatment. Hooded Lister rats, ranging in age from 60 to 146 days,
were placed in individual Hopkins metabolism cages. Funnels and separators were
washed down between ¢.50 and 10.10 a.m. daily, the flask and beaker being replaced
by fresh ones. Immediately afterwards the rats and food residues were weighed, and
weighed amounts of fresh food given. The composition of the diet low in creatinine,
offered ad lib., is given in Table 1.

Table 1. Percentage composition of the low-creatinine diet

Whole-wheat flour 55
Ground maize 25
Wheat germ 10
Dried yeast 4
Arachis oil 4
Salt mixture® 2
Crude protein 141

* McCollum’s no. 185 containing 3-2 9%, ferric citrate (British Drug Houses Ltd).

The pre-experimental period consisted of 7 days in which the rats were accustomed
to the diet, cages, weighing and washing-down procedure. It was followed by a 10-
day collection period. As some of the rats were used for an additional independent
measure of body fat on either the 1st or the 2nd day after the end of the collection
period, all were killed with chloroform on the 3rd day.

Each rat was weighed, cooled to room temperature and opened, and the gut
contents were rapidly removed. The empty intestines were replaced and the cleaned
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carcass was weighed. It was then rapidly minced and its water content determined by
freeze-drying, which reduced the moisture content to less than 1 9,. The dry material,
which was hygroscopic, was reduced to a powder by means of a small household
mincer and analysed for nitrogen (macro-Kjeldahl), ether extract and moisture (oven
drying at 100°). F.F.M. was obtained by subtraction of the weight of fat from the
cleaned carcass weight.

Measurement of creatinine. The urine was filtered, the residue washed and pooled
filtrate and washings were made up to a volume of 100 or 250 ml. Samples were taken
for duplicate creatinine analyses by the method of Owen, Iggo, Scandrett & Stewart
(1954), but with fuller’s earth (British Drug Houses Ltd, for adsorptive purposes)
in place of Lloyd’s reagent and with the picrate solutions kept away from bright light.
This method removes almost all non-creatinine chromogen. The optical densities of
the solutions at 520 mu were measured in 10 mm cells in a Beckmann DU spectro-
photometer, while the temperature was controlled at 20°. Duplicate measurements
were done on samples, on standard creatinine solutions containing 15 and 30 pg/ml
and on a blank, the optical densities being read against water. As Beer’s law is valid
over only a restricted range of creatinine concentration, the volume of diluted urine
used was chosen to contain between 15 and 30 ug creatinine. If the creatinine con-
centration was outside this range the analysis was repeated the following day with a
more suitable volume of urine. The urine was usually analysed on the day of collection;
if not it was stored at 1° until the next day. Under these storage conditions the change
in creatinine concentration is negligible (Drabbe & Reinhold, 1952). The picric
acid used satisfied the criteria of purity of Folin & Doisy (1917).

The diet was exhaustively extracted with water and the creatinine content of the
extract determined. It was found to contain 41 pg creatinine/g and the daily intake of
creatinine was calculated from the food intake and subtracted from the total urinary
creatinine to give the endogenous value. This correction was based on the assumption
that dietary creatinine is completely absorbed and excreted quantitatively in the urine.
As the maximum dietary creatinine intake was 1 mg and as the lowest recoveries of
repeated daily oral doses of creatinine reported are about 809, (Hunter, 1928), the
largest error likely to arise from this source was o-2 mg. This value represented about
29, of the daily endogenous excretion and was of little importance under the conditions
of our experiment.

Body-weight. The mean body-weight of a rat during the 10-day collection period
was calculated from the weights obtained daily. From it the weight of gut contents at
the end of the experiment was subtracted to give the mean cleaned weight. The car-
cass composition at the middle of the collection period was calculated on the assump-
tion that it was the same as at slaughter.

Design of the experiment. Preliminary work on female rats had indicated that crea-
tinine excretion over an extended period varied with body composition. To investigate
the relationship further, five litters of six male rats and five litters of six female rats
were used in the experiment reported in this paper. The rats were all above the age of
puberty (50 days), because creatinine excretion is reported to increase up to, and to be

constant beyond, this age (Hunter, 1928).
21 Nutr. 13, 3
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The diet was chosen to contain very little creatinine in order to reduce the dietary
correction and thus minimize dietary errors in the endogenous value.

Choice of the length of the collection period was difficult. For convenience it should
be as short as possible; in preliminary work considerable day-to-day fluctuation in
endogenous creatinine excretion was found (Fig. 1), which would make a long collec-
tion period desirable. As a compromise a 10-day collection period was chosen.

RESULTS AND DISCUSSION

The values for daily endogenous creatinine excretion and body composition are sum-
marized in Table 2. The within-litter standard deviations show that in certain measures
males were more variable than females. However, when regression analyses were
made the residual variability was similar for both sexes. There was a wide variation in
body-weight and F.F.M. within litters, as shown by the within-litter standard devia-
tions. Comparison of the litter means for these values with the age of each litter indi-
cates that much of the variability in body-weight and F.F.M. between litters was
associated with differences in age.

Table 2. Mean values for endogenous creatinine excretion and body composition
of litters of six rats

Mean Mean
weight weight Carcass composition Daily
during corrected -~ endogenous
collection for gut Fat-free creatinine
Litter Age period contents Water  Fat Nitrogen mass excretion
no.  (days) (2) (8) (2 (g) (8 (8) (mg)
Males
1 60 197 187 127 158 632 171 4-88
2 78 255 244 162 242 926 220 6-99
3 88 223 211 141 204 7-85 190 543
4 97 281 272 177 28-8 9:63 243 8-60
5 104 315 302 198 303 1174 272 9:98
Within-litter +t17 +17 +12 +40 +o064 +16 + o060
standard deviation
Females
6 71 155 146 97 1279 544 133 428
i 82 174 165 11X 13°9 570 152 472
8 89 189 182 121 17°1 6-09 165 5°35
9 128 226 218 138 274 7°41 191 6-97
10 146 253 243 151 332 8:28 210 783
Within-litter +9 +9 +5 40 +o0-35 +7 +033

standard deviation

Influence of fat-free mass on daily endogenous creatinine excretion

The same relationship held within all ten litters, a difference between litter-mates
of +1 ginF.F.M. being associated on average with a difference of + 00345 + 0-0027 mg
in daily endogenous creatinine excretion. This relationship did not hold between litters.
When litter means were examined it was found that a difference of +1 g in F.F.M.
between unrelated rats of the same sex resulted on average in a difference of
+ 00515 + 0-0024 mg in daily creatinine excretion. This relationship is illustrated in
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Fig. 1 by the marked increase in endogenous creatinine excretion by four of the rats
during the collection period, compared with the other two which showed no overall
increase. These two rats were of almost constant weight over the period whereas the
other four were increasing in weight, the increase being largely a reflection of increases
in F.F.M. There was a sex difference in the level of creatinine excretion (P < o-001), in

11r

10~

8-—|__I—J_L_‘——J—I—r_—]‘—

"

Daily endogenous creatinine excretion (mg)

Days

Fig. 1. Some patterns of daily endogenous creatinine excretion by rats.

that a female with a given F.F.M. excreted 1-20 mg more endogenous creatinine daily
than a male with the same F.F.M. The equations were:

Males: creatinine excretion (mg) = 0-0515 F.F.M. (g) —4°12,
Females: creatinine excretion (mg) = 0-0515 F.F.M. (g) —2'92.

This sex difference is also illustrated in Fig. 2, in which the daily endogenous creatinine
excretion is plotted against F.F.M.

The apparent additional effect of F.F.M. between litters compared with its effect
within litters may have been associated with differences in age between litters, greater
age and greater F.F.M. both contributing to increase in endogenous creatinine excretion.
These results do not support Hunter’s (1928) conclusion that creatinine excretion

21-2
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does not increase after puberty, although there is some evidence that the rate of
increase with age becomes slower.

It is also apparent from the sex difference noted above that the use of the ratio of
creatinine excretion to F.F.M. is by itself inadequate to describe how the two measures
are related to one another.

1M

Daily endogenous creatinine excretion (mg)
~
]

5[

4 |—

3 ! 0 1 1 1 1 1 )
100 150 200 250 300

Fat-free mass (g)

Fig. 2. Relationship between daily endogenous creatinine excretion and fat-free mass of rats. O, males;
@, females. Males: y = o-0515x6—4-12; females: y = 005155 —2-9g2.

Factors, measurable in vivo, entering into the prediction of the content of fat-free mass,
fat, nitrogen and water from the endogenous creatinine excretion in the rat

The measurements that could reasonably be made on the live animal were of
live weight, creatinine excretion, age, and weight change. Their bearing on the body
measurements obtained by carcass analysis was examined for males and females
separately. Weight change did not contribute information on any measurement and
no reference is made to it in the results and discussion below.

Males

Fat-free mass. The within-litter regression on daily endogenous creatinine excretion
and live weight was similar for each litter and the values could be combined to give a
pooled within-litter regression coefficient. Differences between litters were no greater
than would be expected from the within-litter variability and so it was possible to
give an overall equation:

F.F.M. (g) = 0-68 x live weight (g) + 4-40 x creatinine (mg/day) + 13-9.
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The standard errors of the regression coefficients were +0-08 and + 1-8 respectively,
and the residual standard deviation was + 3-8 g which wasabout 2 %, of the mean value.
In this equation, although live weight gave more information than creatinine, both
regression coeflicients were significant. Inclusion of the creatinine term in the equation
reduced unaccountable variation by a further 169, of its value if only live weight was
included. This is likely to be a minimum figure as no attempt was made to obtain a
wide range of body composition within litters in the present experiment. As all the
rats were fed on the same diet there was little variation in body composition; live
weight was more closely related to F.F.M. than would be expected under conditions
in which a greater range of body composition was obtained. The absence of significant
differences between litters implied that age differences between litters, apart from the
effect of age as reflected in creatinine excretion and live weight, were not important in
predicting F.F.M. over the range of values of this experiment.

Fat. The result of the analysis was similar to that for the prediction of F.F.M. and
it was possible to give an overall equation:

Fat (g) = o-24 x live weight (g) —2+51 X creatinine (mg/day) — 18-4.
The standard errors of the regression coeflicients were +0-07 and + o-57 respectively,
and the residual standard deviation was #+ 3-3 g. The similarity in residual standard
deviations for the prediction equations for F.F.M. and fat is to be expected as errors in
measuring one dependent variate are highly negatively correlated with errors in the
other. However, the coefficient of variation for fat, about 149%,, represents a much
greater proportionate error than for F.F.M.

Nitrogen and water. Within-litter regression coefficients for the prediction of body
nitrogen and body water are given in Table 3, together with those for F.F.M. and body
fat. They show that measurements of both live weight and creatinine excretion
contributed information on nitrogen and water content, but differences between litters
were highly significant and were not associated with age, the only remaining measure-
ment made on the live rats. It was therefore not possible to give overall prediction
equations for body nitrogen and body water.

Table 3. Within-litter partial regression coefficients of carcass measures on
(@) daily endogenous creatinine excretion (mg) and (b) mean live weight (g)

a b
s A R N
Variable Males Females Males Females
Body fat (g) —72 t24 —2'9 22 0'33 *o0-08 034 008
Fat-free mass (g) 81 31 28 +27 061 to'10 063 to'10
Body nitrogen (g) o0'34to'1o —o00b6to15 0°025 + 0°003 0°035 + 0°005
Body water (g) 59 25 14 +18 0'45 +o0'08 047 toob

Females

Fat-free mass. The results were similar to those for the males, the within-litter
regressions being consistent between litters. However, it was found that only live
weight contributed a significant amount of information on this measure and when
the regression on live weight had been taken into account, the residual standard
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deviation in F.F.M. was + 35 g. The failure of creatinine measurement to add to the
information on F.F.M. may well have been caused by the smaller overall variation in
this measure (see Table 2). The equation was:

F.F.M. (g) = o077 live weight (g)+ 16-0.

Fat. The results were similar to those for F.F.M., only live weight contributing
information. '

The equation was: gy (g) = 0-23 live weight (g) —25-0,

and the residual standard deviation *3-7 g.

Nitrogen and water. Results similar to those for the males were again obtained, but
as with F.F.M. and fat, measurement of creatinine excretion did not contribute any
information not provided by that of live weight.

The failure of the creatinine measurement to add useful information on these four
measures in females is indicated in Table 2 by the appropriate regression coefficients on
creatinine excretion being less than twice their standard errors.

Residual variability

The residual variability in predicted F.F.M. and fat in both males and females was
then further investigated in terms of the actual measures obtained by carcass analysis.
It was found that the F.F.M. prediction equation underestimated F.F.M. in rats with a
low fat content and overestimated it in those with a high fat content. The inverse rela-
tionship held between predicted fat content and that measured. One would normally
expect the magnitude of errors in prediction of total fat to be associated with the
weight of fat obtained by analysis in that the high values tend to be underestimated
and the low values overestimated. In this instance, for male rats, the correlation co-
efficient between the errors in predicted and measured fat weight was —0:48, whereas
the coefficient between the errors in predicted weight of fat and measured fat content
was —o0-85, showing a much closer correlation. Thus it would seem that for some
reason the predicted fat content of a lean rat is overestimated by measurement of live
weight and endogenous creatinine excretion and that of a fat rat underestimated.

It is worth recording at this stage that the errors in technique of measuring fat,
and consequently F.F.M., by carcass analysis, corresponded to a standard deviation
of about +o0-2 g. When it is compared with the residual standard deviations of a little
over + 3 g with the variability due to regressions eliminated, it can be seen that there
is room for improvement in prediction.

The high correlation between the errors in the predicted fat content and the
measured fat content suggests that it might well be worth while, with larger animals,
to make some attempt to obtain supplementary information on fat content such as
back-fat thickness in pigs, or some measure analogous to skinfold thickness in man.
"The possibility of combining this information with measures of endogenous creatinine
excretion, live weight and age to improve the prediction of body fat and F.F.m.
should be examined. It would be more important for fat than for F.F.M., for which a
coefficient of variation of only 29, has been obtained.
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SUMMARY

1. The influence of fat-free body mass on the daily endogenous creatinine excretion
and the measurements entering into the prediction of fat-free mass, fat, nitrogen and
water content from the endogenous creatinine excretion were studied in five litters of
six male and five litters of six female rats.

2. In both sexes the endogenous creatinine excretion increased with the size of the
fat-free mass and also with age. Females of a given fat-free mass had a higher rate of
endogenous creatinine excretion than males of the same fat-free mass.

3. In the males the following prediction equations were obtained:

Fat-free mass (g) = 068 live weight (g) + 4-40 creatinine (mg/day) + 13-9, residual
standard deviation +3-8 g.

Fat (g) = o-24 live weight (g)—2-51 creatinine (mg/day) —18-4, residual standard
deviation +33 g.

It was not possible to produce equations predicting content of nitrogen or water.

4. For the females, creatinine excretion did not add information to that given by
live weight.

5. The magnitude of errors in prediction of fat-free mass and fat was associated
with the measured fat percentage. It is suggested that when larger animals, such as
pigs, are examined, an attempt should be made to incorporate in the equation pre-
dicting body fat some supplementary measure of fat content, such as backfat thick-
ness. The equation predicting fat-free mass has a coefficient of variation of 2 %, which
is probably sufficiently accurate for most purposes.

The authors wish to thank Dr J. Duckworth for his advice and encouragement and
also Mr W. S. Mackie and Mr R. I. Smart for technical assistance.
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