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MODIFICATIONS OF THE REDDY METHOD FOR THE ESTIMATION 0F
17-HYDROXYCORTICOIDS IN BLOOD

A procedure evolved from modificati~ns of existing technics for the estimation
of total 17-hydroxycorticoids in blood has been described. The precision of the method
based on the average difference between 95 sots of duplicates indicate: a standard
deviation of 5.48 and a coefficient of variation of 10.38 percent. Essentisily, quan-
titative recoveries (mean, 98 percent) were obtained by adling hydrocortisone to
protein-free plasma filtrates; relatively poor recoveries (mean, 65 percent) resulted
from addition o! hydrocortisone to untreated plasma samples. A range of 9 to 82
msmma percent was found in a series of 52 subjects, with a mean of 41.2 gamma

pereent.

In 1950, Porter and Silber (1) described a
quantitative color reaction for 17, 21-dihydroxy-
20-ketosteroids. From this development, a wide
variety of procedures for the determination of
plasma and urinary corticostercids has evolved.
Essentially, all such procedures involve three
phases: extraction, purification, and colori-
metric evaluation. Borth (2) recently presented
a critical review of urinary methods in use at
the present time. Methods for the determina-
tion of blood corticoids have been reviewed by
Gold (8).

Alterations in plasms steroid levels appear
more meaningful than urinary steroid changes
in providing a quantitative interpretation of
adrenocortical function in man. Blood studies
have considered primarily the free (uncon-
jugated) steroids in peripheral blood.

In the search for a more definitive reflection
of the rate of adrenocortica! secretion, Reddy
et al. (4) developed a butanol extraction pro-
cedure for the determination of plasma total
17-hydroxycorticoids (17-OHCS). These work-
ers considered the term “total” justified on the
following bases: (a) the earlier use of butanol
for the extraction of water-soluble conjugated
estrogens and 17-ketosteroids (5): (b) the
spectral curve similarities obtained between
known and unknown extracts when using the
relatively specific Porter-Silber reaction (4);

Reerived for publieai'on on 28 Augent 1968,

and (c) the correiation of steroid secretion and
excretion rates with known states of adrenal
cortical function (4,5). The methed devised
by Reddy included steroid extraction from
plasma with butanoi and sodium sulfate; puri-
fication with sodium carbonate; evaporation of
the solvent; and color developmen! with a sul-
furic acid-zthyl alcohol-phenylhydrazine rea-
gent.

The need for 10 ml. of plasma in the Reddy
method led other investigators (6) to develop
a micromethod for totai 17-OCHCS. Utilizing
5 ml of plasm: per assay, these workers re-
ported values that were not substantially dif-
ferent from those found by the Reddy technic.

When work was undertaken in this labora-
tory to incorporate the determination of blood
17-0HCS in a current study on physiologic
changes zvidenced by aircrew personnel, several
technical difficulties were encountered. This
paper is concerned with these problems and a
determination method based on their solution.

TECHNICAL CONSIDERATIONS
Protein precipitation

Difficulty was encountered in initial attempts
to duplicate the micromethod of Brancaccio et
al. (6). VYalues averaging 10 gamma percent
were obt:'ined, in contrast to a mean of 34 gam-
ma percent reported by the Italian workers.
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TABLE I
Coemparison of 17-hydroxycorticoid extraction and purification procedures

5-min. extraction
with butanol

6-min. purification

10-min. extraction
with butanol

10-sec. purification

10-min. extraction
with butanol

8-min. purification

b g 21 el Lottt -t

Sample
No. M2an* S.D. Mean* 8.D. Mean* S.D.
1 56.6 k.2 20.6 43 494 5.6
2 46.8 %2 21.2 5.2 45.6 9.0
3 51.6 88 28.9 3.8 54.5 1.1
3 4 54.2 9.8 45.9 6.3
% 5 57.5 5.3 316 189

e bl

*Mean of 4 determinations, expressed in gamma percent.

Only after incorporating a stepwise, thorough
mixing of plasma with the protein-precipitating
reagents were acceptable values obtained. The
technic employed is described in detail later in
this paper.

Steroid extraction

In an attempt to achieve maximal extra:tion
of blood steroids into butanoi, a comparison was
made between the conventionz! S-minute ex-
traction period and a 10-minute period. The
longer period produced slightly higher steroid
values (table I) and, for this reason, has Laen
incorporated in the procedure used in this
laboratory. Extraction periods longer than 10
minutes produced no increase in steroic values,

Extract purification

To remove nonsp:cific chromogens, Reddy
et al. (4) added anh:/drous sodium carbonale
to the butanol extract, and the mixture was
“thoroughly shaken.” Brancaccio et al. (6)
incorporated an apparently arbitrary perind of
5 minutes for shaking the extract. To clarify
requirements for purification, a comparison
was made between the use of a 5-minute me-
chanical shake of the carbonate-treated butanol
extract and a vigorous 10-second digital shake.
The 5-minute shaking period proved to be the
more effective procedure (table 1). Shaking
in excess of 5 minutex did not provide addition-
al purification.

Drying of extract

Brancaccin et al. (6) stated that the butanol
extract was dried in a “tube” at 80° to 85° C,,
while Reddy et al. (4) recommended drying
in an Erlenmeyer flask suspended in a 90° to
95° C. water bath. Efforts with these evapora-
tion technics proved either unsuccessful or ex-
cessively time-consuming. Dryness could not
be achieved without complicated aspiration ap-
paratus to compensate for reflux tendencies.
Use was then made of ground glass — rimmed
weighing bottles, 50 mm. high and 40 mm. in
diameter. By a technic described later in this
report, 21 samples can be dried together in 17
to 22 minutes. Subsequent incubation of these
samples was carried out in the same bottles,
thus affording greater accuracy as well as
simplified methodology.

Additional experiments proved that temper-
atares as low as 60° C. produced mean values
virtually identical to those for 85° to 87° C.
and 80° to 82° C. (tabl: II). The 80° to 82°
C. range was employed because of the better
duplication of wvalues obtained on replicates
dried at that temperature.

Sample storage

Since a complete assay run of 16 unknowns,
2 standards, snd 2 blanks required approximate-
Jy 8 houvs, it was desirable to determine if the
sampies could be processed to the protein-free
filtrate {PFF) stage, then frozen, and the de-
terminatior completed later., Two ccmplete as-
say runs could then be completed from the PFF

A
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TABLE I

Effect of temperature in the evapora*ion of
butanovl extracts of 17-hydroxycorticoids

Time for 17-hydroxycorticoids
Terperature evaporstion
*C) (min.) Mean* S.D.
85°-97° 8-10 335 9.5
86°-87° 1416 41.0 6.9
80°-82° 17-22 46.5 2.9

*Mesn of § determinations, expressed in gamma percent.
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state in a single working day. Althougk slight-
ly higher levels were obtained from zu uninter-
rupted plasma assay (table III), the greater
convenience associated with freezing at the
PFF state warranted its incorporation in the
routine analysis of large numbers of blood
samples.

bR ok o el il Mo L Ml

Flasma versus serum

In associated blood electrolyte studies, the
use of serum was advantageous. A ‘omparative
study of steroid levels in piasma and serum
revesled no systematic differences (table IV).

S R i §

REAGENTS

It is mandatory that reagents of highest
grade be employed in this procedure. Inferior
grade or ccntaminated lots of butyl aleohol,
sulfuric acid, ethyl aicohol, or phenyihydrazine
produce excessively high blanks and erratic
standard cuives. The reagents listed i this
raper hav-: proved satisfactory whe: purified
and utilized as indicated.

1. 7inc sulfate, 10 percent. Dissolve 100 gm. of
ZnSQ. 'HO (rcagent grade) in distilled water and
diluve with water to 1,000 ml. in & volumetric flask.

2. Sodium hydroxide, 0.6 norinal. Dissolve 20 gm.
of 11aOH (U.S.P. pellets) in distilled water and dilute
witk wator to 1,000 ml. in & volumetric flask.

3. Sulfuric acid, 50 percent. Add 100 ml. of con-
centrited H,SO, (Fisher reagent grade) to 100 m!. of
distilisd water.

4. Sodium sulfate, anhydrous, granular (reagent
gradde).

TABLE III

T . oo, WD

Effect of freezing protein-free plasria filirates

17-hydroxycorticoids
(gamma percent)

Sample No. *
Plasma* PFF¢t :
1 67.4 16.0 i
2 63.5 59.0 ‘
3 612 63.5
4 395 27.0
5 31.6 31.2
6 18.8 14.5
7 27.0 31.2
8 86.2 79.6
9 72.8 68.2
Mean £2.7 49.9

¢*Complete amsay was carried 2ut on frash plasma sampies. .

tAssny was carried ot om fresh plusma to step 3 of extraction
P dure (protein-free fi} ). then filtrate was froser and
assay completed 7. howrs Jater.

TABLE IV

Comparison of 17-hydroxycorticoid levels in
plasma and servm

17-hydroxycorticoids
(gamma percent)

Sample No.
Plasma Slerum
1 52.2 50.0
2 34.0 410
8 45.5 415
4 500 50.0
5 31.8 36.2
6 72.8 728
1 54.5 522 ;
Mean 48.7 49.9 :

%. n-Butyl alcohul (Mallinckrodt analytic reagent
grave). This veagent is purified according to a pro-
cedure described by Reddy (7).

. Scdium carbonate, anhydrous (regyeit grade).

~. Ethyl alcohol (sbsolute pure EtOH, U. 8. In-
27413 ¢ Chernicais Co.). Redistill befare use. !

8. Salfuric acid, 62 percent. Add 620 ml. of con-
centrated H,SO, (Fisher reagent grade) to 380 mal.
of distilled water.

9. Phenylhycrazine hydrochloride (Basker’s puri-
fied}. This ~ezgent is purified according to the pro-
cedure deseribed by Peterson et al. (85,

10. Plenyloydrazine reagent. To 5 ml. of 62 per-
cent sulfuric acid is adcded 87.5 mg. of phernylhydrazine
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hydrachloride. This reagent is prepared fresh before
each use.

11. Blank reagent. Four parts of 62 percent sul-
furic acid are added to one part of ethyl alcohiol.

12. Hydrocortisone standard. Ten mg. of hydio-
cortisone is dissolved in 100 ml. of n-butyl alcohol.
This stock solution remains stable for at least 6 months
in the refrigerator. A dilute working standard is pre-
pared by diluting 2 ml. of the stock solution to 100
ml with n-butyl aleochol (2 gamma per milliliter).

PROCEDURE
Extraction

1. To 5 ml of plasma or serum in a 15 ml.
ground glass-stoppered centrifuge tube, 1.0
ml. of 10 percent ZnSQ, is added. The mixture
is shaken vigorously for 30 seconds, and an
additional 1.5 ml. of ZnSO, solution is added.
The mixture is again shaken vigorously for
30 seconds. An identical additive procedure
is carried out with 2.5 ml. of 0.6 normal NaOH.

2. After centrifugation for 30 minutes at
2,600 r.p.m., the supernate is decant>d into an-
other tube and recentrifuged for 10 minutes at
2,500 ~.p.m.!

3. The supernate is decanted into a 25 ml.
ground glass-stoppered tube? containing 3
drops of 650 percent H,SO,. (If it is necessary to
interrupt the procedure, the sample may be
frozen at this point.) Two grams of sodium
sulfate are udded, and the tube is shaken
vigorously untii the Ma,SO, has dissolved.

4. Five ml. of n-butyl alcohol are then add-
ed, and the mixture is agitated at maximal
speed on a mechanical shaker* for 10 minutes.

5. After centrifugation for 10 minutes at
2,60C r.p.m., as much of the butanol supernate
as possible is transferred to a 18 ml. ground
glass-stoppered centrifuge tube, {Delicate con-

18econd centrifagation is weential to provide adeguate swupernate.

Prevered by W. O. Boentach, SAM Rassarch Siops, fiom glase-
ware suiplied by Corning Glass Works, Cat. Ne £308.

*iindel CC, wrist-action rhaker, Burrell Corp . Pittsburgh, Pa.
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trol of aspiration is effectac. hy the use of
a fixed 20 ml. syringe atiache: by rubber tub-
ing to a 5 ml. pipette.)

Purification

1. To the butanol extract is .«dded 0.15 gm.
of sodium carbonate, and the tube is agitated
at high spced on the mechanical shaker for
5 minutes.

2. The mixture is allowed to stand for 5
minutes and is then centrifuged for 5 minutes
at 2,600 r.p.m. A 4 ml. portion of the extract
is transferred into a weighing bottle.

3. The contents of 21 of these bottles are
then dried simultaneously in the following man-
ner:

By use of an electric hot plate, water in a
round, stainless steel pan (1214 inches upper
inside diameter, 9 inches lower inside diameter,
5 inches depth) is maintained at 80° to 82° C.
A sheet metal cover* of two circular layers,
held 113 inches apart by metal screws, is
placed on the pan. The upper layer, the rim
of which fits flush against the flange of the
pan, is 1434 inches in diameter and contains
22 holes, each 1743 inches in diameter. ‘The
lower circular layer, 12 inches in diameter, con-
tains 22 holes (1 inch in diameter) situated
directly under the larger holes of the upper
layer. A seal to the pan is afforded by rubber
tubing fitted around the rim of the lower
layer. Weighing bottles, placed in each of 21
upper holes, completely cover the lower holes.
A thermometer is placed in the other opening.
Water level is maintained just below the base
of the weighing bottles.

The entire setup is placed in a closed hood,
with the hood fan operating throughout the
drying period. A small household fan, located
in a corner of the hood, is turned on after the
bottles have been on the water bath for a 4-
minute period. Air from the fan is directed
over different groups of bottles by rotating the
pan a quarter-turn exch 4 minutes. This equip-
ment is illustrated in figure 1.

‘Dewigned by F. V. Gardich, SAM Researc:. Shope.
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FIGURE 1
Equipment utilited for evaporation «f bdutanol.

Colorimetry

1. When evaporation is complete, 2.5 ml. of
the blank reagent are added directly to each
weighing bottle, and ground glass—stoppers are
inserted. The contents are mixed thoroughly
by digital rotationy of the bottles.

2. The bottle. are placed in a water bath
at 60° C. for 20 minutes, then cooled in running
tap water for 5 minutes.

3. The content of eacn bottle is pipatted
into a 10 mm. Corex cuvette and ioad in 8

Beckman DU spectrophotoineter at a wave
length of 410 myu, against a water blank.

4. Then 0.1 ml. of phenylhydrazine reagent
is added to each bottle, the cuvette content re-
turned thereto, and the bottles reincubated at
60° C. for 20 minutes. They are again cooled,
the contents poured into the same cuvettes as
before, and a second reading made at 410 my,
against a water blank. With meticulous care,
the required transfer of samples between bottles
and cuvettes can be carried out without loss
of fluid.
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5. In esach routine analysis of 16 plasma
samples, two 5 ml. aliquots of dictilled water
are carried through the entire procedure to
serve as reagent blanks, and two § ml, samples
of butanol containirg 2 gamma and 4 gamma
of hydrocertisone, »:apectively, serve as stand-
ards.®

Calculations
A = reading after phenylhydrazine addition.
B = reading before phenylhydrazine addition.
2 = A — B (sample).
b = A — B (standard).
¢ = A -~ B (reagent blank).

8 — ¢ = corrected optical density {C.0.0.) of the
unknown sample.

b — ¢ = C.O.D. of standard (then equated to 1

gamma).
Gamma of hormone present in 100 ml. of
C.0.D. sample
plasma =

—_—X
C.0.D. standard

Sample calculation:

Reagent
Semple Siav.Jard (1.6 gamma) blonk
A 191 A 049 A 080
B 150 B 07 B _.o014
a 041 b 032 ¢ 016

a — ¢ = .041 — 016 = .025 C.0.D. sample

b — ¢ = .032 — .016 = .016
016 = 1.6 = .010 C.0.D. standard

028
— X 26 = 62.5 gamma percent
010

RESULTS AND DISCUSSION

Standard curve

Figure 2 illustrates a representative standard
curve obtained with hydrocortisone as reference
standard. The results conformed to the Beer-
Lamber: Law,

Bince & § 17, slquot jo teken in otep 2 of the purification, the
fiaal standar; solations con'zic 1S gamma and 3.2 gamma of
hydresovtiorr. . toaptouiesly.
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FIGURE 2
A typical standard curve showing the relation be-

tween intensity of color and quantity of 17-Rydroxy-
corticoids.

Precision

The precision of the method based on the
average difference between 95 sets of duplicates
indicated a standard deviation of 5.48 and a co-
efficient of variation of 10.38 percent.

Recoveries

Recovery studies were carried out by adding
known amounts of hydrocortisone in water
either to plasma PFF or to untreated plasma
samples. Table V shows that, although es-
sentially quantitative recoveries (mean, 98 per-
cent) were obtained by adding standard hydro-
cortisone at the PFF stage, relatively poor re-
coveries (mean, 65 percent) resulted from ad-
diticn of hydrocortisone to plasma.®

When known amwunts of hydrocortisone dimseived In butanol
were added to the protein-free filtraie in otep ¢ of the extraction
procedure. meentially the same recoverion were oblained ae feund
when the water sslution of hydrocertisone wes adéded to the PFY.

" et
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{ TABLE V
§ Recovery of hydrocortisone (compound F) added to plasma or $
; plasma extracts ]
4 H
4 Sample F present F added ¥ added to F
%, No. in sample*  to plasma p";;’::“:“ F found* :“"‘“g
3 (gamma)
3 1 2.68 20 0 2.85 €1

2 2.66 4.0 0 4.70 71

3 2.66 8.0 0 5.10 59

4 2.27 2.0 0 3.04 7
3 b 2.27 4.0 0 4.32 69 H
; 6 2217 6.0 0 4.82 58 ‘
; 1 3.38 0 20 5.46 101 k
4 8 3.38 0 4.0 1.28 9
3 9 338 0 6.0 8.36 89
{ 10 280 0 2.0 4.80 100
3 11 280 0 4.0 6.65 98

12 2.80 0 6.0 8.70 %

*Eech valwe men of 2 determinations.
i :
TABLE VI

E Plasma levels of total 17-Rydrozycorticoids in young adult males
3 sampled at 8 a.m.
4 Subject 17-0OHCS Subject 17-OHCS Subject 17-OHCH :
] No. (gamma percent) No. (gammas percent) No. (garama percent) :
1 322 19 188 37 81.8 :
4 2 38.2 20 568 38 41.0 g
3 3 31.0 21 §0.0 39 41.0 |
1 4 22.0 22 79.2 40 375 ;
i 5 322 23 418 41 30.0
1 6 266 24 210 42 60.0
7 25 708 43 725 ‘
8 26 50.0 4“ 585 ' ‘:
9 27 27.4 45 318 :
28 292 46 382
29 60.6 47 468
30 728 48 232
31 568 49 45.0
32 4.9 50 55.2
3 56.8 51 9.0
7] 362 52 $0.0
35
36
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The Italian workers (6) reported recoveries
of 95 to 101 percent when cortisone in butanol
was added during either the extraction or the
drying phase. Reddy et al. (4) reported re-
coveries ranging from 94 to 120 percent when
aqueous cortisone was added to plasma before
preparing the protein-free filtrate. In neither
case was it readily apparent at exactly which
step in the procedure the standard solution wis
sdded.

The reason for the jow recoveries on adding
hydrocortisone at step 1 of the present study
was not clear. The loss of synthetic cteroid,
evidently into the protein precipitate, is cur-
rently under investigation.

Physislegic levels

A veries of 52 male subjects, age range 18 o
22 years, was studied at 8 am., using the
procedure described in this paper. A range of
9 to 82 gumma percent was found (table V1),

with a8 mean of 41.2 gamma percent. Reddy
et al. (4) recorded a range of 28 to 78 gamma
peceent, with a mean of 46 gamma percent, in
6 subjects studied at 8:30 am. The values of
Brancaccio et al. (6) on 59 subjects varied be-
tween 12 and 66 gamma percent, with a mean
of 34 gamma percent; the time of blood col-
Jection was not recorded.

SUMMARY

A procedure evolved from modifications of
existing technics for the estimation of total
17-hydroxycorticoids in blood has been de-
scribed. Data are also presented on the preci-
sion of the method, recoveries of added hydro-
cortisone, and values obtained in a series of
young adult males,

The suthers expruss their nppreciation to M/Sgt. 0.
A/IC. K. Espiness, A/2C. D. C. Shifflett, snd A/ZC. R.
Je., for their technical sesletanes.
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