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Abstract. The radioimmunoassay for urinary free cortisol described in this paper is simple, rapid, and
reproducible. The method uses a commercially available antibody preparation and is performed in two
steps. The first step includes an extraction and a column purification to remove materials antigenically
similar to cortisol from the urine. The second step is the radioimmunoassay using dextran-coated
charcoal to separate bound and unbound cortisol. 3H-cortisol is added prior to any mechanical manipu-
lation to allow calculation of analytical recovery for the purification procedure. The coefficient of varia-
tion for interassay determinations was a maximum of 10.3% and for intraassay determinations a
maximum of 5.7%. Analytical recovery averaged 97.7%. One technician can analyze 100 samples per
week.

INTRODUCTION cently. radioimmunoassay (R1A) (2. 6. 9.
13 , 14, IS , 26. 29). RIA determination of

T issue cortisol levels as a function of psy- cortisol in human serum or plasma is sim-
chological or physical stress have been plified by the relatively low concentrations

of particular interest in numerous investiga- of antigenically similar materials which are
tions (8, 22, 24 , 27 , 28). Levels have been present , and by use of specific antibody
determ ined by fluorometry (7, 30, 31). gas preparations which are commercially avail-
chromatography (4, 19) and gas chroma- able. Diurnal variation studies ofcortisol ex-
tography-mass spectrometry ( 25 , 32) , cretion using indwelling venous cath-
compet itive protein binding assay eters (10, 11, 33) have demonstrated epi-
(CPB) (3 , 14 , 18 . 20 , 23) , and most re- sodic excretion of cortisol. This creates a

problem in the interpretation of results from
a single venipuncture in human factors re-

a Presented before the Laboratory Section. Amen. search and may indicate a need for the use of
can Public Health Association, Miami Beach . Florida, indwelling venous catheters in certain stud-
October 19, 1976: ies (22 , 27). Urinary free cort isol (UFC) has
‘ Add~~ :s repflfl t requ ests to 

~~~~~~~~~ the been used as an indicator of adrenocortical
authors. No endorsement by the Department of the function for many years and in addition is
Navy has been given or should be inferred, used in the human factors researc h to relate

A PRIL 1977 133

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~



SOKOLOFF AND HILDERBRAND

cort icos te i’oid excretion to human pci-form- pared jU st prior to rise by evaporat ing thc
ance 1 24 L :\ lthough the specif icity ofdeter- methylene chloride from 0.6 ml tH_cort iso l
minatton of ’ L R’ increased with the advent stock solution and redtssolving the i’adio-
of iht, (‘PH ass ,I~ s and has increased even cort isol in 100 ml hufl’er so lution. rriplicate
more w ith RIA. the ~k ide spectrum of ’ un- 200 ~tI aliquots are removed for subse-
nar~ s te ro ids , including co rt  isol con- quent liqu id scint illation determination s
,Iugatc~ 14 . 2 11  ma’, nec ess ita te additional I DPM,.~tr~rtio n ~ in Calculations ’
sieps to remove interfering constituent s . Corti ~ol Standard (w i t/ i  W—Corti .so/ Solu-

tio n) ,  /00 n e/ mI. Dissolve 25 mg cortisol
‘Ihis report describes a method for deter- (Calhiochem) in 1(X) ml methanol and pre-

mining I FC ~ hich we have t~ und to he re- pare a I pim l  cortisol solution by maki ng
liable. It uses a simple chromatograph~ step ser ial dilutions with methanol in heniene so-
lo remove cross reacting materia ls and of— lution ( I  : 9. v, v . 1 ransfe r 9 ml to a oi-
lers t he con’, eni c nce ot us ing a commercial umet rie flask , add 1.000 ng H—co rtiso l in
antihod~ preparation. Ihe procedure has methvlene chloride (determined with specif-
been app lied to o~er 1 (1(1(1 urine spec imens ic radioactivity data supplied by the manu-
as part si f an ongoing program to corr e late factt irer) . and dilute to 100 ml with methanol
biochemical cons t i t uent  values to occupa- in benzene. Triplicate 200 ~ l aliquots are
t ional s t r ess  and performan ce levels among subjected to liqu id scintillation counting in
Nasa l personnel c c .  2Xi .  Ihe correlation of order to check the specific radioactivity of
the cort iso l levels to stress and performance the standard (SR~t~~,i ,r,i~. The standard is

ill he reported e lse~ here . stot’ed as 4 ml aliquots in culture tubes at
40 C.

MATERIALS AND METHODS Ant i- orti ,s o !Ant ihodv Solution. The con-
tents ot’a “ lO() test ’’ vial’1 conta ining lyophy-

Rufle r.5 ’/ut ion . Prepare il) . 125 M borate. lized anti-cort isol antibody (RIA of Califor-
( I l l  M Na(’l bu ffer. pH 7 .6 . This is~ ta hle at nia. 1 76S8 Patterson. Perris , CA 92370) are
room temperature for at least t~~o wee ks . dissolved in 6 ml buffer solution . Al iquots of

( ;ehzt,,, ,SoIutii~71. Prepai’e on da~ ot use h~ 0.5 ml are stored in IS—mI culture tubes at
disso lving 10( 1 mg gelat in (Sigma) in 101) ml —40 C. This is sufficient for over 600 equili-
buif ier solution at ~() (‘ ( ool and maintain at hration mixtures. In determining optimum
( 1—4 (‘. concent ra t ion s  v~e referred to Ze t tner ’ s

/ / . 2. ó . 7- ‘I l / ’( ’or t iso l .S’oluthm.’s . Prepare Method 1 (34) .
the stoc k so l ut ion h~ first e~ aporat ing the lmmeduatel~ pr ior to use, the frozen anti-
sol’~ent f rom an ampoti le containing 1 mCi body solution in one tube is thawed and di-
i i .  2. 6 . 7- H —corti sol ( \mersham-Sear le) luted to II) ml with cold gelatin solution. The
~ tt h the aid of ~~~~. gas . I he H-cortiso l is solution is maintained in an ice-water bath
i’ed isstul ’ , ed in 4 .2 ml l(Y . e th y l  acetate in throughout use.
iso-octane , o n e  milliliter aliquots are each Column ( ‘/r r omatog raph v. The chroma—
subjecte d to column chromatography as de- tography system is described by Abraham.
scr ihed below, and the elutcd radiocortisol et al. ( I) .  In brief. celite is heated at 1000 F
in the fractions containing 4(Y’ et hy l acetate for 16 to IS h. cooled, and mixed very thor-
in iso-octane , us pooled in a 15-mI culture oughly w i th  ethylene glycol : water
tube by succes s ively adding a fraction and 0(0 : 20). using 0.5 ml of stationary phase for
c~aporat ing the solvent with the aid of N2 eac h gram of ce lite. l’his column material
gas. The H-cortisol is redisso lved in 10 ml can he stored in a sealed container at room
met hylene chloride and stored at 20 C. temperature for up to 3 weeks without per-

During column purification aliquots are formance decrement.
subjected to liquid scintillat ion determina-
tions in order to calculate the recovery. Re-
co’, cry of t he radiolahel in the 40’~ ethyl s a t  contains ani ihod~ which is su ffic ieni for
acetate fract ion should c~ cee d ~~~~

‘ . tm dclerminitiions on plasma ~ ht,n the procedure rec-
Radiocortisol working solution is pre- ommcndcd (is RtA of Catifornia is used i~ . 6
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RIA OF CORTISOL

Disposable pipettes (S .0 ml) containing a under a stream of air. The cortisol is redis-
3-mm glass boiling bead at the bottom are solved in I ml I09~ ethyl acetate in iso-oc-
packed with 400 mg of column material by tane solution and subjected to column chro-
vacuum aspiration. The prepared columns matography as described above. The cort i-
with sample added are eluted twice with 3.5 sol is eluted in the 40%- fraction which i5
ml of 10% ethyl acetate in iso-octane and collected in a 13 x 100-mm test tube . The
then eluted once with 3.5 ml of 20% , 30% . solvent is evaporated with the aid of N2 gas
and 40% ethyl acetate in iso-octane . suc- and a 5(1-55 C bath, and the cortisol is
cessive ly. :iH CoflisoI was recovered in our redisso ised in 1.7 ml buffer solution. A
work in the 40% elution step. All solvents 20(1 ~l aliquot is removed from each solu-
are prepared immediately prior to use and tion and placed in a corresponding count-
columns are used onI~ once. ing vial for subsequent liquid scintillation

Dextran-coated ( ‘/ :a r coal . Prepare on the determination (DPMeoj umn ~ M u ).  Each
day of use. Five grams Norit A (Amend equilibration mixture is prepared by trans-
Drug and Chemical Co.) and 0.5 g [)extran- t’erring another 201) ~l aliquot to a 10 ~ 75-
70 (Pharmacia) are suspended in 55 ml water mm test tube, placing the tube in an ice-
in a ISO-mI beaker with the aid of an over- water bath, adding 200 ~l antibody solu-
head stirrerfor3h. Duringtheflnal hourand tion . subjecting to vortex mixing, and
throughout use , the suspension is main- transferring the tube to a 3 C shaker bath.
ta m ed in an ice-water bath. Reference equilibration mixtures are pre-

Liquid Scin t i l la t ion  (‘ou~l t i ng .  Glass pared b~ placing 5 , 10 .20. 30.50. 70.90. 110 .
counting vials , prepared for liquid scintilla- 130 , 150, and 170 ~zl aliquots of cortisol
tion counting, contain 200 t~1 sample and 10 standard (with 3H-cortiso l) solution in 13 x
ml Aquasol (New England Nuclear). The 100-mI test tubes , evaporating the solvent
counting efficiency is determined for each ss ith the ~uud of N gas. redissolving the corti-
assay t hrough the use of an internal aH~to~ sol in 1.7 ml buffe r solution , and then trans-
luene standard (ICN). ferring a 2(X) M’ aliquot and adding anti-

Unless otherwise specified , all chemicals body solution as described above. Another
are ‘Baker Analyzed’ Reagent Grade from 200 ~d aliquot of each cortisol standard in
J. T. Baker . and are used without further buffer solution is transferred to a counting
purification. Semi-automatic samplers (Gil- vial for liquid scintillation determination
man) and repeat pipetors (Oxford ) may be (DPMsLandar d . 21441

used throughout the procedure . All glass- The equilihration mixturesare maintained
ware is prepared by washing with Acationox in a 0—3 C shaker bath for IS h. Fift y micro-
solution (Scientific Products), rinsing ten liters of the dextran-charcoal suspension are
times with deionized water , and drying at added, and followed immediately by vortex
60 C. mixing. Each mixture is replaced in the bath

Assa y Procedure . Each extraction mix- 2—3 mm , and then centrifuged 2 mm at 0 C.
ture is prepared by placing a urine aliquot A 200 

~ aliquot of each supernatant is trans-
equivalent to 1/125 ofan average hourly vol. ferred to a corresponding scintitllation vial
ume into a 15-mI culture tube, adding buffer for liquid scinti l lat ion determ ination
to increase the total volume to I ml. and then (DPM~qUu hrat j 4fl , 2414 )444 1) ’

adding 500 ~.d ‘H-cortisol working solution Calculations. Excretion of UFC (ng/min)
and 5 ml methylene chloride. Each tube is can be calculated from the data by the fol-
covered with a teflon-lined cap, shaken vig- lowing steps . For each assay, parameters m
orously for 5 m m .  and centrifuged 2 mm at and h in the function
2,000 x g. The aqueous layer is aspirated
and discarded, and 0. S g anhydrous Na2SO4
is added. The mixtures are shaken for 2 mm EPa uIiI hra iio n m X 

C’ bound h
and centr ifuged 2 m m ;  3 ml aliquots are
transferred to disposable 13 x 100-mm test
tubes and the methylene chloride is evapo- = total corlisol (labelled plus unlabelled) in
rated by placing the tubes in a 50—55 (‘bath equilibration mixture
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are determined by applying the meth cw ~ of
least squares for a linear fit (17)  to dat a col-
lected from the reference equilibration mix-
t ures. For each of these m ix tures

C? hou nd 
0,444 

~ I ~~~~~~~~~~ ~~~~~

~~~~~~~~ is estimated for t he mixtures eon- 
- .

ta m ing cortiso l extracted troiii urine hs ap-
plying the equation I _____________________________________

I) ~~~~~ 

DIM 
~~~~~~~~~~~~~

“
~ hound DPM “ 4 1 1 4 . - ’ ’ .,’ ~~~ ~ (.r~ph I. Rehi rion lvip het’.een re~-iproral pert-ent

bound (011i,ol and total rofl,,,,l 
~PR) in equilzhrn-

fol loweti b app li .at ion ~ t the f i rs t  eq ui ; u t ion - 
(toil mutur, ha,,d on r ,s UIl l f~’o,n reference CQUIII.
!,ral:an mInuTe,l as t l y . the e s~ ret ion r i t e  is determined

Rate 4 ng amou nt propoi l ion.ul to co lu mn CS TM urn

V rates int l treeiung .mli q iuots at 40 ( Inter-
as~.t’, var i~uhr tui ~ 1 able II and untr ,u-assa ’ ,

~ here ~ aria hul it ’ I ~hlc 2u averag ed ~ 
— ‘ and

~ ~Y / , respe~~isc l~ A f l a I ’ , t Ic a (  !C . V t C I \  iS-

c r .um zed ° 
“ .~i ’lIC h) uuii  the .10cc of ’ the

I( ’Si r ahk~ .2. ‘ I- ,.,, . , ., , ,~ ‘ ‘“‘n . ‘ “ In m other s t uds . urine spt-c Imen~ s&
“‘ collec ~cd from mdc ‘uubi ~-~ is ii h mim’ T

va ls throughout .i X h pm ’niit l F s t  r lion
tm ~t .u I ~u mr tus ) , I ( Lthm ’!h’ t t pI~~ lm nl. ihel let i  in rates were hi~h~ st foi e t c h  subte, ~ i in~4 t ’ \ t i ,tL tu ) lf l  mixtu re the in te r sa l  0~ (40 t h r om u g h  06(11 1 ‘ 4

th rtii i~h 0900 and s&e rc ’ iou t’st st i i r un~ inter
F ’  . 

111 \1. - .~ ~ ~~~~~ v~uls immedi;iiels precedine i he-c N’i Ot iS

ii iraph 2 1
the 23 h ~~~~~ 1i ’ l l t lf l  r i le  mt I ‘H ¶~~ i ~l lsi i h—

t. )ht’ IlL’tl cor tiso l ,udded to extraction ~C~ ts  averaced ~~ 0 ,~e I~e suu t t s  u crc lo~~er
mi xtures for women t h.un for men (T .uhle at .u con-

fidence level ~t Irc It .i luu e ‘= I ~Rl
RESULTS

DISCUSSION
i’hc relationship betwee n hotiri l cortisol

and cort iso l present in an cqim ilubr , it uon mix-  We have presented an RI ~ met hod forde
lure m u ’, he est ablis hed t . eat h . i s s a s  by a termining 1 F(’ s~ hich appears to have high
gra ph r;,thcr than by application ot the meth- specif icit s . The 24 h excretion rates (Table
oil lIt least squares The result from a typical ~

) as determined by the method arc com-
determination us s hown in (ir;iph I. parable to or lower than other published val-

lnier .iss, i’ , anti tntr a - a s sas var iabilities ties 112 . IS . 20. 23 . 29). Four factors con-
were determined on aliqurots mi t  pooled u rine tribu te to the reliability of the test. First. the
cover ing a range ) lt  av erage ort iso! excr e- commercial antibody preparation possesses
tuon ra t es Each poai was rrepared h’, corn- um ni isu i : u l l v  low c r ncs - reac t i s u u ’ ,  as deter-
hining undi ’tmdu i a l  ur t ne spec imen s in mined hs Campuzano (5. ~ i for serum con-
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RIA OF CORTISOL

TABLE 1—4n~ r..say Y.rS.b1114’. S.mpl.s w.rs .n.Iy~ d without r.puIc.tlon 9 times over en 8 month peri-
od.

Pool 01 Pool 02 Pooi #3 P00104 Pool #5

Average CortisolExcretion 15.8 28.6 45.6 61.3 84.2
(na/min-sub~ect)

CoeffIcient of Variation 7.2% 6.3% 10.3% 4.7% 49 %

stituents. Most other antibody preparations ration with individual urinary steroids and
seem to cross-reac t appreciably with one related metabolites is yet to be done. Sec-
or more other steroids (2, 9, 13, 14, 15, ond, potentially interfering substances are
26, 27). In some cases this may be due to removed by extraction of the cortisol into
contamination of the preparations with methylene chloride and chromatography of
transcortin. Cross reactivity becomes a the extracts on celite-ethylene glycol-H20
serious problem in the analysis of urine, columns, The columns are easily prepared
considering that only 1% of serum cortisol is and the ability of the columns to fractionate
excreted as UFC (12). The remainder is cx- seru m steroids has been demonstrated ( I ) .
creted primarily as reduced metabolites In our preliminary experiments , elimination
which are conjugated to sulfuric and glucu- of the column chromatography step resulted
ronic acids (4, 12, 2 1). The multitudinous in a 2—3 fold increase in determined UFC
urinary substances are still being identi- (Unpublished data). We think that the in-
fled (21), therefore, complete determination crease was due to impurities which are re-
of the cross-reactivity of an antibody prepa- moved when chromatography is employed.

Third. a single increment of 3H-cortisol is
added to the extraction mixtures to monitor

I ~ ~ procedural losses and to establish the recip-
rocal percent bound cortisol in the equilibra-

I tion mixtures. Corrections are made for its
presence in each mixture , and so the count-

- I I I I ing error can be minimized by adding a large
- amount of this 3H cortisol tracer Fourth

1 ~ I and perhaps most unusual, a cortisol stand-
+ • ard solution which contains radiocortisol is

I prepared and aliquots are stored frozen until
- ‘ . 

. I use . The specific radioactivity of this solu-: . \, 1’ / I’ tion is carefully measured prior to freezing
:; the aliquots. Presence of the radiocortisol

- / \!. / ~\ I ~ 
“ method of correcting for adsorp-

• 
“ 

. ient evaporation or other changes
~~~~~~~~~ m 1 I ~~~~~~ ‘!. I- _ ..i. t. ’ standard during prolonged storage

~ 
s 

~ 
§ 

~ 
§ I hroughout the assa’y—a feature which

~~~~~~~~~~~~~~~~~ isparticularlyuseful formanytypesof’longi-
M l  I T  14 v tudinal studies. Although we experienced

Gr mp~i 2. 1)1 al Va on. ! CorvLwI Excretion, difficulty in accurately pipeting small ali-Sample. were collected from 3 healthy male. ç ~(A~es 24’-3O) st3hInters’.k,volume.mea.ured. quo s o  ~,e sian at’ sou ion, e arnoun
d aliquot. frozen for .uhaequest .oziy.ia. me of cortisol present in the reference equilibra-

.bJ.cta partIcipated In theIr u.ual woi*.relax. tion mixtures could later be precisely deter-
uleeff cydus sad activities, ezCepI that Iltep 

~ mined through knowledge of the specific ra-leterrv$id In order (0 olitale UFISS samples. dioactivitEach plaited lie, on the graph represents urleary Both serum and urinary free cortisol 1ev-
Jecta. els are related to the corticoadrenal activity

APRIL 197’? 137
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TABLE 2—4n1ra-assay Variability and Analytical Recov.ry. For each urine pool ten extraction mixtu re s
were prepare d as described : five conta Ined 11.2 ng added cortlsol. Each extraction mixture
was analyzed for UFC. Th. analytical recovery of the added co rti sol for each pool was esti-
mated by subtracting the average value of the five mixtures without added cor tisol fro m the
average of the five mixtures with added cort isol. Deviations of the analyt ical recover ies from
100% are w ithin the variabilities in the measurements shown in the table.

URINE POOL

Blank # 1  • 2 II

Cortmsol log) in

extraction mixture 08  5 6 108 17 7 22 .5 29 7
Coeff icient at VariatiOn 3 5°.~ 3 5°,, 4 1° , 2 9’~ 1 - 5 5~’
Cortisol )nq )  in extraction

mixtures with added
cort isol 11 9 1 7 5  2 34  2 7 6  31 7 40 7

Coeff icient of Variat ion 2 6°~ 2 4 ’~ 2 1° c 2 8”~ 5 7~ 2 5 ° -
Difference lo g) I t  1 1 1 9  126 99 92 110
Analytics) Recovery of

added corttso) 99 1° ,, 106 1° o 1122° c 88 3°c 82 3° - 97 9” -

and t t s  t he css rtuso t levels in the ti ss ues . Se— 1w, eommvi~ts during the piepalatton ot’ t his
cret uon ol’ cortisu l by the adrenal gland us manuscr ipt. The protect uas t’uunde d l’~ the
believed to he episodic: serum lesels may Naval Medical Research and Dc~clopment
u ndergo u ide fl uctuations within a brief pe- Command. No. M F’S I 524. 002- 5 ( 1 11
nod 14 . 5 . 10 . II. 16 . 2 1. 3’~) and may even
he affected h~ t he sampling process it-
self (22. 2 ’ ). A ~ ude I~ held assumption has TABLE 3—Twenty-four Hour Excretion of Urinary
been t hat coi’tisol is excreted in the ui- inc ofa Cortlsol. The rates were determined for
particular individual at a rate u-hich is pro- 3o appar ent ly healthy . active males and

females. Twenty-four hour specimenspoi-tiona l to the serum concentration and were obt ained over a five day period:
t hat cortuso l melaholites maunlain unvar~ ing aliquots were stored at —40 C and ana-
pi’opol’tionaliR. . Thus , an c xc u’ction meas- lyzed the following week.
uremcnt of urinary free cortisol during a giv-
en interval should he an index to the ~n- COPTISOL ~e~~aIe Maip

teg r.uted seru m level for that period A l- i1~q 24 hi n 14 1 ‘i l h n

t hough we observed a diurnal variation in Mean 206 289
the excretion rate of UFC’ (Graph I) i ’ i ’- a -  Median 174 2 7 4
iii the circadi~un profile ol’ ser u m cot-t isol Range 4 5 48 1 11 5 52 B
measured h~ others ( 10 . I I  - 16 . 33) . recent
evidence does suggest variations in the ratio
of ii  ri nary curt isol metahul ites 14 , 2 1) .
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