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SUMMARY 

Methods for the determination of urinary total free corticoids and urinary free corticosterone in small 
laboratory rodents are described. Total free corticoids and free corticosterone were determined in 
samples of SO-200 nl urine by a competitive protein binding method using human plasma transcortin 
as the source of binding protein. For both methods employed the reliability criteria were satisfactory. 
The validity of both methods was tested by measuring both total free corticoids and free corticosterone 
in urine samples of mice with the obese-hyperglycemic syndrome (gene symbol C57BL/6Job/ob) and 
their lean controls (gene symbol CS7B1/6J). Measurements were taken from urine samples under basal 
conditions and after adrenal stimulation or suppression. Urinary corticoid levels were significantly 
different between the two mouse lines, 15 ng/day for the lean and 75 ng/day for the obese mice, reflecting 
plasma corticosterone levels. After stimulation by ACTH urinary corticoids rose 3%S-fold whereas sup- 
pression by dexamethasone was followed by a decrease to very low levels. The contribution of corticos- 
terone to total corticoids averaged 50% in lean and 30% in obese mice. It is concluded that urinary 
total excretion of free corticoids as well as urinary excretion of free corticosterone offer a valuable 
parameter of adrenal function in mice. Furthermore, when small laboratory rodents are used, under 
many circumstances measurements in urine are more advantageous than measurements in plasma. 

INTRODUCTION 

Assessment of adrenocortical function in humans and 
rodents is usually obtained measuring plasma cortisol 
or plasma corticosterone levels, respectively. How- 
ever, plasma corticosterone concentrations in small 
laboratory rodents display considerable diurnal vari- 
ation [ 11. Furthermore, plasma corticosterone levels 
are influenced by stress [2], which is shown by the 
marked effect of different procedures of sacrifice [3]. 
It is even impossible to avoid stress-induced corticos- 
terone secretion when an adrenal function test is to 

be performed which requires repeated samplings of 
blood. These methodological difficulties led us to in- 
vestigate the posssibility whether adrenocortical func- 
tion in small laboratory rodents can be assessed by 
analysis of urinary corticoid excretion. 

We used two inbred lines of one strain, namely 
C57BL/6J-ob/ob mice and C57BL/6J mice in which 
the ob gene is lacking. Since basal plasma corticoster- 
one levels in C57BL/6J-ob/ob mice are significantly 
higher than in C57BL/6J mice, indicating a hyperad- 
renocorticoidism [4,5], these animals are suitable 
models for testing whether adrenal function is ref- 
lected by urinary excretion of free corticoids. Free 
corticosterone and total free corticoids in the urine 
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of mice were assayed under basal conditions and after 
stimulation by ACTH and suppression by dexametha- 
sone. 

MATERIALS AND METHODS 

Chemicals. Solvents and reagents (analytical reagent 

grade) were purchased from Merck, Darmstadt, Ger- 
many; Dextran 80 and Sephadex LH-20 from Phar- 
macia Uppsala, Sweden. [1,2-3H]-corticosterone (S.A. 
50 Ci/mmol) was obtained from the New England 
Nuclear Chemicals GmbH, Frankfurt, Germany. On 
arrival it was diluted with benzene-ethanol (9: 1, v/v) 

to a concentration of lo&i/ml and stored at 4°C. 
Every three months it was repurified by column chro- 
matography. Unlabelled corticosterone was obtained 
from Ikapharm, RamatGan, Israel and stored at 4°C 
at a concentration of lOpg/ml ethanol from which 
a working standard containing 0.1 ng/ml ethanol was 
made monthly. The transcortin-isotope solution was 
made as follows [6] : 1.0 ml human plasma, collected 
8 h after administration of 3 mg dexamethasone or 

l.Oml plasma of mice (C57BL/6J) was dissolved in 
80.0 ml phosphate buffer (pu : 7.4; 0,05 M) containing 
10 000 c.p.m. labelled corticosterone/ml. 

Animals. Male C57BL/6J-ob/ob mice (mean body 
weight 46g) and male C57BL/6J mice (mean body 
weight 32g) about 4 months of age were used. The 
animals came from brother-sister-inbred lines main- 
tained at the Diabetes Forschungsinstitut, Dusseldorf, 
and originating from The Jackson Laboratories, Bar 
Harbor, Maine, U.S.A. The animals were housed, 
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10 15 to a cage (floor area 23 x 39 cm.). in a tempera- 
ture-controlled room (23 k 3 C. relative humidit> 

55”,,) with a light~~dark cycle (6 a.m. until 6 pm.) and 
had free access to a standard mouse chow (Intermast. 
Socst. Germany) and tap water. 

E,Y/J~v~~~/~~LI/ proccdurc~. Four da) s prior to the ex- 
pcrimcntal period single animals were placed into 
metabolism cages* with free access to food and tap 
water. The separation of urine and feces in this cage 

was accomplished by allowing urine to tlow along 
the inner surface of a separator funnel into a urine 
collecting bowl. while feces fell b> gravity into a feces 

collecting bowl. During the experimental period. 
urine was collected in plastic tubes in daily portions 
and frozen at - 18C until assaqcd. 

Time-course of urine collections: 24 h urine por- 

tions w’ere collected under basal conditions (for 4 
days). under application of ACTH (Synacthen, CIBA, 
Wehr. Germany). which was given intraperitoneally 

(0. I25 U ACTH diluted in 0.5 ml saline at 8 a.m. and 
6 p.m.) and after 3 days of application of dexametha- 
sane (25 /cg!ml drinking water). 0. I25 U ACTH are 

sufficient for inducing maximal adrenal stimulation 
as has been tested b> measurements of plasma corti- 
costeronc in control experiments. 

For the exact determinations of urine volumes (vol.) 
we used 3 methods which led to identical results: 

I. Determination of the weight of the urine sample 
(n) and determination of the specific weight (.SIV) of 
an aliquot (giml). 

2. According to the volume of the urine sample 
(0.2 I .O ml) 100~5000 c.p.m. (c.p.m. t) of labelled cor- 

ticosterone was added. After equilibration the 

radioactivity in an aliquot (c.p.m. a/vol. a) was 

measured. 

(vol. a;c.p.m. a) x c.p.m. f = vol. 

In addition the radioactivity added to the urine 
sample served as internal standard to determine 

sample loss during the procedure. When working with 
method 2. an amount of radioactivity was chosen 
which corresponds to 1000 c.p.m. in the volume used 

for determination. Method I is used in the following 
description. All samples used for radioactivity deter- 
minations were dissolved in 3.0 ml dioxane and 

10.0 ml Liquiflor (New England Nuclear Chemicals) 
solution. thoroughly mixed and counted in a Packard 
Liquid Scintillation Counter (3380.1544). 

Mrct.sur~~~rrr~t c!f fine totd corticoirl.~ it] urirw. The 
method employed is closely patterned after that pre- 
viously described for plasma corticoids in mice [S] 
and for urinary corticoids in humans [X.9]. A vol. 
of 0.05 to 0.2 ml of a 24 h urine sample was pipetted 
into a small extraction tube and the volume was made 

* Built according to a model given by the courtesy of 
Dr. G. Meister. Farhenfrlbriken Bayer. Wuppertal. Ger- 
m;,,,\ . 

up to ;I total of 0.5 ml with 100 /(I of an aqueous 
“H-corticostcrone solution, containing 10.000 c.p.m., 

ml and the remainder with distilled water. Steroids 
were extracted with X.0 ml dichloromethane. The 
aqueous layer was removed by aspiration and the 

organic phase was washed successively with I,/16 vol. 
of 0.1 N NaOH. 0. I “,, acetic acid and 3 times with 
distilled water. I .O ml was pipettcd into a counting 
vial for the estimation of procedural loss and 2 ali- 
quots (I ,4 and 1.2 vol.) were transferred into separate 
centrifuge tubes and dried. 1.0 ml of the transcortin- 

isotope solution was added to each dried extract and 
to the dried standards (duplicates of zero, 0.5. 1.0. 
2.5. 5.0. 10.0, 15.0, 20.0 and 30.0 ng corticosterone.! 
tube). The tubes were equilibrated at 45 C for 5 min 
and then cooled for 20 min in an ice bath. 0.5 ml of 
Dextran-coated charcoal solution (0.02”:, Dextran and 

0.2”,, charcoal in saline) was added to each tube bq 
means of an automatic pipette (Fe 213. Braun. Mel- 
sungen. Germany). After IO min the tubes were centri- 

fuged (3OOOg) at 4 C. The supernatant was decanted 
into a counting vial. mixed with the scintillation solu- 
tion and counted to a preset count of 10.000 c.p.m. 

From the measured c.p.m. of each standard the “(, 
bound was calculated and plotted against ng corti- 
costerone to provide a standard curve (Fig. I). The 
amount of corticostcronc in the urine samples was 

read off according to the o,i bound fraction and cor- 
rected for procedural loss. In the standards loo”,, 

equals the radioactivity in the I.0 ml of the transcor- 

tin-isotope solution given to each vial, whereas to the 

10.OOOc.p.m. in the samples the radioactivity. added 
to calculate procedural loss, must be summed up. 
These c.p.m. arc measured in the recovery vials. the 
amount being betweeen 150 500 c.p.m. depending on 
procedural loss and the volume used for the assay. 

nr~tr.\Llrc,rile,7t of fk c,o~tic.c)str~otIr iI7 wk. In order 

to measure free corticosterone the washed and dried 
urinary extracts were chromatographed over a 
Sephadcx LH-20 column (IO x 340 mm) using dich- 
loromcthane~-ethanol (99: I, L/V) [7]. The fraction 
with corticosterone was collected. With l/6 of the 
eluatc the procedural loss was determined. In aliquots 
of l/2 and I,‘4 vol. the amount of corticostcrone was 
determined in the same waq as for total corticoids. 
Using this column chromatographic separation the 
corticostcroids cortisol. 1 1 -deoxycortisol. cortisone. 
corticosterone and I I -deoaycorticostcrone are defi- 
nitely separated. 

KESl I.TS 

Reliability criteria are summarized in Table I. In 

order to determine precision and accuracy, pooled 
urine of the lean and of the obese mice were divided 
into several batches. Water blank values were smaller 
than 0.2 ngitube. They were not subtracted from urine 
values. 

After addition of different amounts of corticoster- 
one (10, 20 and 40 ngiml) to pooled urine the reco- 
veries were 107. I02 and X9.5”,, by measurement with- 
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Fig. i. Standard curves of 5 different corticosteroids using human (left side) and mouse (right side) 
plasma as the source of binding protein. 

out chromatography and 107, 97 and 96”/, when free 
corticosterone was determined, The lowest concen- 
tration distinguishable from zero (sensitivity), calcu- 
lated from duplicates of the lower range (0.5-4.9ng/ 
ml) was 0.3 ng/tube, i.e. 3.0ng/ml. 

When adding cortisol, 11 -desoxycortisol, cortisone 
or ll-deoxycorticosterone to the pooled urine 
samples prior to chromatography, no steroids other 
than corticosterone were found in the eluted corticos- 
terone fraction. As shown by the standard curves of 
some corticosteroids (Fig. 1) the affinity of human 
and mouse transcortin is different. Human transcortin 
binds all the S corticosteroids almost equally well 
whereas transcortin of mice (C57BL/7J) binds pre- 
dominantly corticosterone and far less the other corti- 
costeroids tested. 

Table 2 shows the results from the meas~~ment 
of corticoids and free corticosterone in urine of mice 
under basal conditions as well as after stimulation 
and suppression of adrenal function by ACTH or 
dexamethasone. Under all investigations the amount 
of total corticoids in urine is greater than the amount 
of free corticosterpne. A highly significant correlation 
between urinary Ree total corticoids and urinary free 
corticosterone was found in both lines of mice 
(C57BL/&i mice: y = 1.49 + 0.47 x; n:56; ~0.969: 
s* : 0.024 and C57BL/6J-ob/ob mice : 
4 7 = 10.91 + 0.30x; n:41; 1.10.836; sh:O.O36). The 
results show that in the lean mice 47”/;; of the urinary 
free total cortieoids is corticosterone whereas in the 
obese mice 30?,:, of the urinary free total corticoids 
is corticosterone. Under basal conditions the amount 

Table 1. Reliability criteria for the measurement of free total corticoids and free corticosterone in urine of mice 

Total free corticoids Free corticosterone 
X f S.D. CV n X + SD. CV n 
(w/ml) (“/,) (w/ml) (%) 

Precision 
I. Intraassay 30.5 + I.9 6.1 8 16.4 i: 1.5 9.1 8 

70.2 + 4.6 6.6 s 30.2 & 2.5 8.1 8 
2. Interassay 31.2 + 2.6 8.2 12 16.4 & 1.8 f&S 12 

72.1 * 6.6 9.1 12 36.2 i: 3.5 Ii.2 12 
Accuracy 
1. Recovery from urine 

Pool JO.5 + 1.9 6.1 8 16.4 r?: 1.5 9.1 8 
Pool plus IOng B/ml 41.2 + 2.9 7.1 6 21.1 + 2.1 10.5 6 
Pool plus 2Ong B/ml 50.9 + 4.0 1.9 6 35.8 lr: 3.5 9.8 6 
Pool plus 40ng B/m1 66.2 I 5.7 8.6 6 54.8 + 6.4 11.6 6 
Recovery of internal 94.3 & 2.4 3.0 80 71.7 k 2.6 3.8 80 
standard 
Sensitivity {ngjtuhe) 0.3 0.3 

Mean i: SD.; CV: coefficient of variation: n: number of determinations; 3: corticosterone 
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Table 2. Urinary total free corticoids. urinary free corticosteronc and plasma cnr(~cos~eronr 111 two hncs of mice: 
lean mice = C57&/6J, obese mice = C‘S7Bi.5.Lob’ob 

Basal 

Urine 
(ng/dnq) 
AC‘TH 

Plasma 
corticosterone* 

(&I00 ml) 

2 & SD. n x j”_ SD. n i; & S.D. n li _t SD. n 
C57B1/6J: 

Total corticoids IS.1 + 6.2 24** 75.1 & 17.6 3 2.3 J_ 1.0 3 
Corticosterone 7.9 * 3.7 24** 35.2 & 9.7 4 0.2 2 0.: 4 1.9 5 0.2 IO 

C57Bl/6J-ob/ob: 
Total corticoids 74.6 k 11.8 2Lf** 210.1 & 42.3 4 7.2 2 3.8 4 
Corticosterone 29.5 & X.3 24** X8.9 4 18.7 4 0.4 * (I.?l 4 11.7 ri: 1.5 10 

* Plasma values have been published [SJ. 
** 6 different animals, whose urinarv corticoids were measured on 4 consecutive days. 
Mean $ SD.; n: number of animals 

of free total corticosteroids in urine of lean mice is 
clearly lower than that which was measured in the 
obese mice, i.e. 15.1 + 6.2 ng/day vs 74 & I 1.8 ng,/day, 
respectiveIy. This difference in urinary excretion of 
free corticoids is even more pronounced when the 
adrenal gland is stimulated by ACTH. The absolute 
increase in free corticosterone and in total free corti- 
coids is significantly greater in the obese than in the 
lean mice. After application of dexamethasone a de- 
crease of urinary free corticoids was found in a!1 ani- 
mals. In most of the animals after dexamethasone 
treatment the corticosterone levels were below the 
limits of sensitivity of the method. 

DlSCUSStON 

Corticosterone is the major corticosteroid synthe- 
sized in the adrenals of the rat and the mouse 
[lo, II]. However, on evaluation of adrenal function 
in small laboratory rodents on the basis of measure- 
ments of plasma corticosterone some difficulties may 
arise: Often increased corticosterone levels are the 
consequence of inadequate prolonged sacrifice pro- 
cedures before bIood sampling. Onty by a very rapid 
and cautious blood sampling technique can one avoid 
stress-induced increase in plasma corticosterone 
levels. as has been observed in rats [Z] and mice [S]. 

Unspecifically increased corticosterone levels may 
also result when blood is removed from the tail vein 
or from the periorbital sinus. This is especially true 
when experiments are performed which involve 
repeated blood sampling. Repeated puncture of the 
periorbitat sinus within the short time periods usually 
needed for glucose toterance or insulin secretion tests 
or for adrenal function tests often renders the animals 
unsuitable for further experimentation. Our results 
show that these dif%culties in evaluation of the 
adrenal function can be avoided by measuring the 
free total urinary corticoids. Because of the high cor- 
relation between urinary total free corticoids and uri- 
nary free corticosterone purification by chromatogra- 
phy can be omitted. If the elinlination of chromato- 
graphic purification is desired the use of mouse 
plasma as binding protein results in an increased 
specificity of the method. As can be seen in Fig. 1 

the a&it> of mouse transcortin as the binding pro- 
tein for corticosterone is much higher than that of 
human transcortin. 

The measurement of urinary total free corticoids 
is not only suitable for the evaluation of adrenal func- 
tion hefore and after administration of ACTH and 
dexamcthasone. but may also be used for detection 
and investigation of inherited alterations of the 
adrenal gland. as is shown in genetically obese- 
hyperglycemic mice (Table 1). 

The contribution of free corticosterone is 30-50’~~ 
of the urinary total free corticoids. A similar relation- 
ship between cortisol and 1 i-OH-steroids has been 
found in human urine [ 121. Previous investigations 
(unpublisi~ed data) show that this technique of uri- 
nary total free corticoid measllrement is also suitable 
for other rodents. such as rats, guinea-pigs and rab- 
bits. 

In some strains of mice corticosterone as well as 
I I-deoxy-cortisol is synthesized by the adrenal gland 
[ I31 and thus in these strains urinary total free corti- 
coids may better reflect adrenal function than urinary 
free corticosterone. However, when a separation is 
desirable in such strains of mice the column chroma- 
tographic separation described can be used to deter- 
mine both corticosteronc and 11 -deoxy-cortisol in the 
same assay. In both lines of mice tested in this study 
I I-deoxycortisol was detected neither in urine nor in 
pfasma. 

On comparison of urinary excretion of total free 
corticoids and body weight it can be seen that 
humans (mean body weight 70 kg, free urinary corti- 
sol excretion 32.5 jig/day (unpublished data)) and 
metabolically intact mice of the C57BL/SJ line (mean 
body weight 32 g, free urinary total corticoids 15. I ng/ 
day) have practically identical corticoid/body weight 
ratios. i.e. 465 ng/kgjday and 472 ng/kg/day, respect- 
ively. In metabolically obese mice of the C57BL/6J- 
ob,/ob line (mean body weight 46g, free urinary total 
corticoids 74.6 ng/day). however, the ratio is 1620 ng/ 
kg/day. As has been shown for bumans the renal 
excretion of urinary total free corticoids is directly 
correlated to the concentration of non-protein bound 
(mctahoiically active) corticosteroids in plasma (for 
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lit. see 14). Therefore the measurement of urinary 
total free corticoids effectively reflects alterations in 

adrenal function (“lens-effect”). 
Our investigations show that the measurement of 

urinary total corticoids is a valuable parameter of 

adrenal function in mice which in some aspects may 
be more practicable than the estimation of plasma 
corticosteroids. 

2. Zimmermann E. and Critchlow V.: Proc. Sot. exp. Biol. 
Med. N.Y. 125 (1967) 658-663. 

3. Carney J. A. and Walker B. L.: Lab. anim. Sci. 23 
(1973) 675-676. 

4. Naeser P.: Diabetoligia 10 (1974) 449-453. 
5. Herberg L. and Kley H. K.: Harm. Metab. Rex (in 

press). 
6. Kley H. K. and Krtiskemper H. L.: 2. !&I. Chem. k/in. 

Biochrm. 9 (1971) 520-526. 
7. Murphy B. E. P.: Nature New Biol. 232 (1971) 21-24. 
8. Murphy B. E. P.: J. cfin. Endocr. Metab. 28 (1968) 

Acknowledgement-We gratefully acknowledge the skilled 343-348. 

technical assistance of Miss I. Kloidt, Miss E. Major and 9. Hsu T. H. and Bledsoe T.: J. c/in. Endocr. Metah. 30 
Mrs. B. Soliman. (1970) 443-448. 

10. Carstensen H., Hellmann B. 0. and Larsson S.: Acta 
sot. med. Uppsalien. 66 (1961) 1399151. 

REFERENCES 11. Hofmann F. G.: Endocrinology 59 (1956) 712-715. 
12. Espiner E. A.: J. Endocr. 33 (1965) 233-239. 

1. Bruckdorfer K. R., Kang S. S., Khan 1. H., Bourne 13. Badr F. M.: Comp. Biochem. Physiol. 398 (1971) 
A. R., and Yudkin J.: Horm. Metab. Res. 6 (1974) 131-137. 
999106. 14. Stolecke H.: Acta endocr.. Cope&. 70 (1972) 65-72. 


