Lawrence Berkeley National Laboratory
LBL Publications

Title

A Comparison of Spectrofluorometric and Competitive Protein Binding Methods for the
Measurement of Plasma Corticosteroids REVIEW

Permalink

https://escholarship.org/uc/item/5bg2z32d

Authors

Sarin, Raj K
Connell, Gerald M
Linfoot, John A

Publication Date
2023-09-06

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5bq2z32d
https://escholarship.org
http://www.cdlib.org/

1

AL
¥ : 4
4

e e e o e e . -

/‘Piea e return orlginal set of prcmfs‘
+ and. manuscript w1thin 48 hours to:

1

'[_JOURNAL PRODUCTION DEPARTMENT

;;nﬂjj:= . AGADEMIC PRESS, INC.;

=111 Flfth Aveniue

send ad regular first. class ma11 1f
, withln 200 mlles.‘ R

New York New York 1000°;¥“7J~;j

Send A1r Ma11 1f more than 200 m11es,,

. B e

o=

Coeme—

-



DISCLAIMER
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California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A Comparison of gpectrofluoromerfic and Competitive Protein Binding

Methods for the Measuremefit of Plasma Corticosteroids

Measurement of plasma corticosteroid concentration is a determina-
Hoe ' , , ‘
tion whic? now is available in nost clinical laboratories. Methods
which.specificallv measure cortisol, the most abundant and biologically
active corticosteroid in man, involve a number of chromatographic
’separations and consequently are not feasible for routine «clinical use.
Two relatively simple techniques for the measurement of cortisol have
achieved widespread p0pu1arity. Spectrofluorometric assays.ék;=2;=§, ( lf;ff)
;;g; ‘are s1mple and quick, but theg?nmy suffer from the problem of norfﬂ
spec1f1c fluorescence which results in falsely elevated values (5' 6)

/_\{ —r’
///’ “—“\Rﬂcently Murphy 7, 8) descrlbed a relatlvely more Spec1f1c method for
L_/‘

NGty

the measurement of plasma cortlsol wh1c3 utilizes the principle of
. competitive protein~binding analysis (CPBA). Because the time factor
is comparable for each assay, lt'seemed important to compare these two
technlques in an effort to determlne the more valid technique for a
Jsimple and rapid corticosteroid determination. |
It has been reported that insulin-induced hypoglycemia results in
a marked elevation of plasma corticosteroid concentration (9). During
a study of the response of healthy subjects to insulin tolerance, this
observation was confirmed, and it was apparent that a very wide range
of corticosteroid values was present. The opportunlty allowed us to
compare and contrast plasma corticosteroid determihations by the
spectrofluorometric and CPBA methods.

Pen healthy adults reported at 8 A.M. after an overnight fast for
. =
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the insulin tolerance test (ITT). After resting in bed for 30 minutes., .

. : witg Vensus S—
the fasting subjects received a single 5 injection of regular

K W‘()«W oL

per kg body'yﬁ). Three baseline blood samples were
—

drawn before insulin injection and further specimens were taken at 10,

insulin (0.1 unit/

20, 30, 45, 60, and 90 minkteq after insulin administration. All
samples were frozén until analyzed within a maximum period of six
ﬁonths. Plasma was analyzed in dup}icate for corticosteroid concentra=-
tioné by the two methods. The spectrofluorometric assay of Mattingly
(1) was -employed, and the CPBA technique of Murphy (8) was used with

/flofisil as the adsorbent and H3-corticosterone as the label. A 2.5%

e

solution of dog plasma was used as the source of corticosteroid~

binding globulin. In addition, plasma from a number of healthy indivi-

Ny duais was pooiéd. Duplicate aliquots of this pébled plasma were analyzed

fbf.éoftiéosteroid content by the CPBA and spectrofluorometric me thods

in conjunction with each assay. ‘Analyses of this pooled plasma on

tén different occasions gave coefficients of variation of 9.8% and

13.0% fsr the respective CPBA and spectrofluorometric methods. This

feature allowed uslinternal control on the performance of each assay.
Tﬁe results of the comparison of corticosteroid determinations by

the tiwo methods are listed in Table 1. Examinatim of the data for the

pooled/plasma samples shows that the fluorometric analysis resulted in

a siightly higher mean value than that obtained by CPBA, but this
difference was not significant statistically. The éorficosteréid data
obtained during the ITT strengthenéd this observation. At nine
different time periods when plasma was analyzed, the mean corticosteroid

values determined by the fluorometric method were higher than those
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‘obtaxned by the C?BA method Although s1«nific3nt differances werd
dd‘not,nnted in the base11ne and 30 mlnuts values, all othor Aif Corencen
Wser” s1gn1f1cant (p< O 05) when analyzed by t test.‘ An excollont
}correlation (g: 0 99) was observed between the two techniques when
f,grOup compar1sons were made on the ‘mean values at the various tiwo
'intervals.J Closer examlnat1on of 1nd1v1dua1 results of low valuen
.~._.(1ess than 6 uZA) and hlgh values (greater than 20 pé?) shows diﬂpattly\
“'When 11 1nd1v1dua1 values Whlch were 1ess than 6 p§7 (by CPBA) were
ipaired W1th thelr respectlve fluorometrlc values and analyzcd, a Vovy
l‘,}poor correlatlon was observed (j— 0. 15 :§; 0. 10) thn valuua
4ﬁgreater than 20 uz; (by CPBA) were palred W1th thcir resPocLLve fluoro-v
‘?,metric values, a- correlatlon coeff1c1ent of 0. 61 (p < 0 01) wae ob1nlhna
u:for‘the entlre array)of data, CPBA ana1y51s yields data which‘arc 23.0h
'dlower in numerlcal value than those obtalned by the fluoromthLc
‘method For the respectlve hlgh and 1ow values, these diffcroncea
: were greater, 26 ZA and 57 34 ‘ e
-'ff7 It is hlghly probable that’ these dlfferences are dun Lo Alanw

Specxfic fluorescent resPonse in the’ method Rudd et.”} (10) grppe e

.|

'~that the non%spec1f1c fluorogenlc materlal may consist of A~ and

ttlolycerldes. Impure methylene dichloride which react@d with 1 heongl

_alcohol preservatlve in heparin used 2s an anticoagulant has Leon

7

incriminated for high values obtainmed by spectrofluoresiry 1, 175,

- ‘ ”
Tn additien, spironolactoze (13, 14) and cholesterol (157G raen iy 0
v o Shour ta cause ghngrr=ily Bigh walver by Elucms o o




normal range,total accuracy is not clinically important. Furthermore,
this would often prompt a more thorough analysis by other means. In
i ohoeh ' | | -
situations wher% values are low, an interfering fluorogenic substance
"can assume considerable importance and may lead to false security.
Values. up to 10 ﬁﬁ% have been reported in conditions in which the

naturally occurring plasma corticosteroids could be expected to approach

zero, i.e., during therapy with high doses of corticosteroids, in
, —

, 16,

hypopituitarism and Addison's disease, and after adrenalectomy (1

L’/17). With this érébiem as a distinct possibility, it would seem
édvisable to do corticostefbid determinations by the CPBA method.

In summary, 1t musflbe stated that both methods lack total steroidal
specificity; The fluorometric assay measures both cortisol and cortie
costeroné. Although human plasma contains 8 to 16 timés as much
co?tisél as éorticosterone (18), the f}uorometric intensity of corti=-
costerone is approxiﬁately 3 timés that of cortisol.  The CPBA, as
uséd in our 1aboré£ory, will be affected b; other steroids: corticosterone,
'11-deéoxycbrtisol, 17-hydroxyprogesterone, and,to a much lesser extent

by9z;rtisone, progesterone,and testosterone (19). The CPBA provides a
more useful and perhaps more accurate estimate of plasma corticosteroid
values, particularly when the levels fall outside the usually accepted
normal range (6,§j20 pgé). This gains special significance in case of
lower values as discussed previously. Finally, unless total specificity
of the CPBA method is achieved by chromatographic separations, it would

geem advisable to report values as plasma corticosteroids rather than

plasma cortisol as is often the practice.
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Comparison of CPBA and Fluorometric Methods” _~~a
<£: gélasmaxﬁortigosteroidlﬁoncentration in i%lioo mlc)ﬁv7 ;{z%i/ //'A/}*’
. Insulin ﬁolerance‘iest. ) cl ves G celg ,
‘ : No. Tcaliblasma WName —— Baseline . ._ __ . ___ Minutes é(fter jfn_sulig inj_@c_tipg_m T j"""‘“
- ‘ Sobeeh 1 - 2 3 10 20 30 45 60 90
j e 11.0 W, 5.0 6.0 6.0 12.5 10.5 17.0 26.5 25.8 28.0°
(16.7) (8.8) (8.7) (7.8) (8.8) (11.3) (19.1) (27.2) (30.0) (35.0)
2,7 11.3 c.5.>. 9.0 8.0 9.0 8.0 © 11,0 14.0 22,2 22.0 26.0
. (12.4) - (8.5) (8.8) (8.4) (8.5) (8.5) (8.5) (24.7) (29.4) - (28.9)
3;’" 12.32 L.R. 15.0 12.5 11.0 A 11.5 15.0 21.0 25.0 29.0
; (13.4 (15.9) (14.4) (15:3) - - (17.9) (26.5) (33.8) (37.9)
4 12,5 C. 1. 7.0 14.0 3.0 4.0 7.2 5.0 24,0 25.0 28.0
I ST (8.5) (7.2) (13.8) {8.0) (8.2) (23.5) (28.1) (31.6)
5. 1. 13,4 1.5 9.0 12,0 10.0 13.0 24,5 25.0 25.0
| o oo ¢y 721.2) (16.2) (16.2)  (16.2)  (22.1)  (34.3)  (34.3) (41.8)
i . : T 12.0 10.0 8.5 5.0 9.0 15.5 18.0 18.5
; Cie Cein (21.7) (19.8) (23.9) (19.8) (18.5) (29.3) (34.2) (32.6)
i T, T S 5.0 2.0 2.0 6.0 9.0 19.0 24.0 24.5
' (24,00 (L.t (8.4) (8.1) (10.0) (9.7 (13.8) (23.5) (25.0) (35.3)
z 4 2.0 3.0 7.5 8.0 5.0 10.0 15.0 21.0 24.0
L PRy (6.8) (6.6) - - (12.1) (18.5) (25.6) (42.1) G
S. L iz, 12.0 10.0 10.5 10.5 13.0 21.0 21.8 22.0
(11l.¢ (12,3 (14.0) (12,2) (11.5) (11.5) (14.3) (26.5) (30.6) (28.6)
| 10. 14, ot - - 9.0 6.2 6.0 16.2 19.2 23.0 19.8
g (L3..; (9.3) (9.4) (9.0) (9.5) (9.5) (15.5) (25.2) (28.6) (24.3)
o
e e em e (\
Yean 12,0 9.5 9.3 7.7 8.0 8.3 12.1 20.8 23.1 2.5 "
- 13,0 (11.2} (12.2) (11.0) (12.8) (11.8) (15.0) (25.9) (30.0) (33.8)
PPN DU Y + 1.2 1.4 1.0 . 1.2 0.9 1.3 1.3 0.8 1.2
T 23, (1.3) (1.8) (1.5) (1.8) (1.4) (1.5) (1.4) (1.1) (1.9
N , «~ Q
sheTmL oo - - N o **;f;’\ *E P B T I -
o . 0.3 p<0.2 p<0.1 *-/p<0.05~/ p<0.05v /p<0.2 /g<o.01v- /p<0.0b" jp_-\-:p.t)lv
- Coavie >z Jenoze plasma Eg;gico??:groid Tevels by ghe fluorcmetric method., & :::”——“;"
Yovz oo p values of titest determinations after comparing the mean values of the *»;
Ctespod oty i indicate -a significant difference. . “A
! - ——— \\\‘\w o k’t
.y e e ™.
far e & . : i
é ,jv) (4:\7 - flg - i /1"’ ‘
A _






